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TRANSLATOR'S PREFACE. 



In preparing this work for an English edition, the plan of 
the Author has been adhered to as closely as possible, the theo- 
retical part being treated very briefly, and formulae given 
only when necessaiy ; whilst numerous tables of dimensions of 
engine-details, taken from actual examples, and accompanied 
by illustrations, are appended. These will afiford means of 
comparing the results of Continental with those of English 
practice. 

To the present Edition there have been added examples, 
with tables and illustrations, of standard types of English 
Engines by several well-known makers, who have kindly 
supplied for the purpose dimensions and drawings. 

As thus adapted to our own practice, it is hoped that the 
present edition of the work will be found by many English 
Engineers, and Mechanical Draughtsmen in particular, to 
answer a very useful purpose, not as yet fulfilled by any other 
publication. 

To make the tables as clear as possible, the dimensions have 
been given, in almost every case, uniformly in inches. 

London, May, 1893. 



AUTHOR'S PREFACE TO FIRST EDITION. 

In the present condition of the markets, makers mnst not 
occupj too mnch time in calculations or mathematical research, 
but collecting results from actual practice, must note them in a 
convenient form, though not as formulae, since formulae are 
only usefdl within certain limits, there always being a risk of 
en'or in calculation. If anyone compares the results of the 
formulae of one writer with those of another, he will often find 
great discrepancies between them. 

The present work aims at showing the results of practical 
experience. Letterpress has been reduced as much as possible, 
to allow of the introduction of numerous tables and drawings, 
these being the language of technical people. 

To those firms and others who have supplied me with infor- 
mation, I return my best thanks. May the book and its 
method gain many friends ! 



AUTHOR'S PREFACE TO SECOND EDITION. 

The first edition of this book had such a favourable recep- 
tion in technical circles, that within a year a second edition has 
been found necessary. 

Encouraged by this success, I have spared neither trouble 
nor expense to extend the usefulness of the work, and with 
that object have introduced a large number of additional 
figures. 

To the numerous technical friends who have favoured me 
with communications on the subject, I return my grateful 
thanks, with a request for them to assist me with further 
exchange of ideas. 
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. A valve openiog outwami 
to allow steam to be blown 



through, liiit preventing 
air from entering the 
cylinder. 

k. The main beam for trans- 
mitting the motion of the 
piston to the pnmp rod. 

i. The pump rod. | 
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THE STEAM ENGINE. 



INTllODUCTION. 

The knowledge that steam could lie made use of (u a motive 
power is very old, but it was not until about the year les.'i that tlie 
tirat model of a steam-engine was made by Dionysiiis Pupin, a native 
of Blois in France, baeed on the fact that if cold water yitu applieil 
or admitted to an enclosed vessel containing steam, the steam wm 
condensed, and a vacuum iresulted. In 1(199, Captain Savery 
employed this principle for raising wotei', aiid in 1V05 Newcomen, of 
Bartmoutli, in Devonshire, constructed the firat steam-engine jiro- 
perly so called. This first example wan employed for raising water, 
and was known as " The Atmospheric Engine : " fig. i nhows the 
general arrangement 

a. The steam cylinder. 

6, The piston. 

e. The steam generator or 

d. The cock for admitting 

steam to the cylinder. 

e. The cold water reservoir. 
/. The cold water or "injec- 

g. A valve opening outwards 
to allow steam to be blown 
through, but preventing 
air from entering the 
cylinder. 

h. The main beam for trans- 
mitting the motion of the 
piston to the pnmp rod. 

t. The pump rod, pig. i.— Newooiueiru AtniosptwriE Engiue. 
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2 INTRODUCTION. 

The action of the engine is as follows : — In fig. 1 the weight of the 
pump rod, t, has broaght the piston, b, to the top of the cylinder, the 
cylinder is then filled with steam from the boiler at atmospheric 
pressure through the cock, c?, which is then closed. The cock,/, is 
now opened, and cold water from the tank, e, enters the cylinder in 
a jet ; the steam is condensed, and a vacuum produced below the 
piston. The atmospheric pressure above the piston forces the latter 
down to the bottom of the cylinder, at the same time raising the 
opposite end of the main beam, and with it the pump rod, i. By 
opening and closing the cocks, d and /, in succession, an alternate up 
and down movement is given to the piston. 

James Watt introduced many improvements, especially the separate 
condensing chamber, in place of admitting the injection water into 
the cylinder, which tends to lower the temperature of the cylinder 
walls, and he remarked in one of his specifications ^* that the cylinder 
should be kept as hot as the steam that enters if James Watt also 
invented mechanism for automatically opening and closing the 
valves, introduced the use of steam above atmospheric pressure, and 
discontinued the use of atmospheric pressure alone, by making use of 
the expansion of the steam for doing work on the piston. Watt's 
first engine was built in 1768. A year or two earlier, Smeatou had 
made many improvements ; but James Watt was amongst the first 
who really treated the steam-engine on a scientific basis. 

Fig. 3 shows in diagram one of Boulton and Watt's condensing 
beam engines, working with a pressure of from 5 to 15 pounds on the 
square inch. 

These early engines were invariably worked with low boiler 
pressures, and with condensation. High boiler pressures were 
regarded with distrust, and James Watt, although he gave attention 
to the idea, had strong prejudices against using high-pressure steam. 

The first high-pressure engines using steam at 3 to 4 atmospheres 
were by Oliver Evans in America, 1786 to 1801, and Trevitick and 
Vivian in England, 1802. 

The fact that the use of high pressures decreased the consumption 
of coal was soon recognised, and steam of 4 to 6 atmospheres was 
used, with and without condensation. 

With high- pressure steam the advantage of expansion is very 
great. By using steam " expansively " is to be generally understood 
that the st«am is admitted at high pressure for a short portion of the 
piston-stroke only, and then allowed to expand down to the end of 
the stroke, losing heat thereby in doing work. If the expansion is 
carried too far, the cooling becomes so great as to condense part of 
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tbe steim. In order to prevent the waste from tliit cause, and to 
prevent tlie range of temperature between the entering and exhaurt 
steam, the expansion is now earned on in two or more cjlJnderi of 
different capacities ; and engines on this principle are called " com- 
pound," if with two cylinders; triple eipansion, if with tliree ; 
quadniple expansion, if with four. Sometimes they are named 
"continuous" expansion engines, whether with 
dels ; also, when with three cylinders, they are 
" tri-compound." 

The earliest attempt 
at a. compound engine 
seems to have been 
that of Jonathan 
Hornblower in 1781, 
although be does not 
seem to have had any 
idea of what is under- 
stood now by a " com- 
pound" engine. He 
used two cylinders of 
unequal size, A and B 
(Rg. 2) ; the steam was 
admitted first to the 
smaller cylinder, B, 
above the piston. On 
the piston arriving at 
the bottom of the 
stroke, the commnni- 
cation between the 
cylinder and boiler 




1 between top and bottom of the 
cylinder was opened by means of the pipe, Y, and cock, 6, The 
piston then ascended by the weight of the pump-tod, X, and the 
steam displaced by the rising piston now filled the space below the 
piston. The cock, 6, was then closed, and boiler steam admitted 
above the piston. The downstroke then commencing, the cock, e, 
opened the steam from the cylinder, B, tlien flowed into cylinder A, 
where it further expanded. On completion again of the downstroke, 
commnnicatiou between upper and lower sides of the piston, A, was 
established, and the steam, after liaving done work on the upper side 
of the piston, passed to the lower side by means of the pipe, Z, and 
cock, d, during the downstroke ; the steam evenloally passed tu tbe 
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condenser, Q. It will be seen that the engine was really "com- 
pound," but it does not seem to have been more economical than the 
simple engines of James Watt of the same date, and was rather com- 
plicated. An outline of this machine is shown in fig. 2. Horn- 
blower's engine was single acting. 

In 1804 Arthur Woolf made a two-cylinder high-pressure engine 
with a condenser, together with a water-tube boiler, and took out an 
English patent for the same. Woolf s engine was an improvement 
on Hornblower^s, being more simple in construction and double 
acting. It appears that one of Woolf s best engines was tried for 
coal consumption against one of Watt's in Cornwall, and resulted 
greatly in favour of Woolf s engine, probably from his using higher 
pressure steam, and from his carrying the expansion down in two 
separate cylinders. 

In 1850 John Edler much improved the compound engine, and 
brought it into successful use for marine engines. 

The annexed table shows the development in saving of fuel ; the 
figures give the coal consumption in pounds per horse-power per 
hour. 



Atmospheric 
Engine. 
Savery. 

1700 


Low-pressure 
Engine. 

Watt. 

1768 


High- 
pressure 
Engine. 

Evans. 

1804 


Doable 

Cylinder 

Engine. 

Woolf. 

1804 


Compound 
Engine. 

Edler. 
1850—1891 


Triple 

Expansion 

Engine. 

1880—1891 


31 


8-8 


6-7 


4-5 


2-25 


1-76 



It may appear that steam-engines have been brought to a high 
state of perfection, but it must be remembered that the efficiency of 
the best engines and boilers taken together is only about 15 per cent, 
of the theoretical value of the heat energy of the fueL 
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SECTION I. 
TTFBS OF STSAK ENGHTES. 



Beam Engine, the original 
form as constructed by Boulton 
and Watt. This form owed its 
ejtistence to the fact that all 
the earlier eteam engines were 
used for pumping water, the 
beam forming a convenient 
means of attachment for the 
pump rods. Beam engines are 
still used for pumping, but are 
gradually giving way to more 
modem types. 

Horizontal Engme,with 

open frame cast iron bed- . 
plate, a type much used for 
all sizes of engine.^ for gene- 
ral purposes. The bed-plate 
frame ia of U section, and is 
bolted down to a foundation 
of masonry or brickwork, the 
cylinder, main bearing and 
guides being liidted to the bed-plate. 

Vertical Engine.^ A type 
now extensively used both for 
small and large engines ; it 
has the advantage of occupy- 
ing small floor space, and is not 
open to the objection so often 
put forward against horizontal 
engines, — that of the cylinder 
wearing oval. An endless 
number of varieties of this 
type are now in use, and it is 
the generally accepted type of 
marine screw-propeller engines. ' 
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TTPKS OF BTG&H KNGUfES. 




Figs, B and 9.~ 4]ird«r Engine. 



Oorliu IVame or Oirder 
Bnginea. — A type of hori- 
zontal engine now eitensively 
used. FigB. 8 and 9 show aii 
example with bored guides ; 
they are abo often made with 
flat-planed guides. In both 
oases the guides ai* formed in 
the main casting or girder 
which connettB the cylinder to 
the main bearing. There are 
many Tarieliea of this type. 



Fig. 10.~Selt-co 



lined Horimnttil Engiiie 



Self - contained 
Horizontal ISa- 
g^ea, with bent or 
slotted out cranks. 
This type, largely 
used for small power 
to the end of au open 
t.ike both 



short-atroite engines, hss tlie cylinder bolted 

bed-plate, which is widened out at the other 

bearings of the crank-sliaft, su that the flywheel may be keyed 

on either side. The guides are usually formed in the bed-plate, 

the boring out of the guides and facing of the end flange being done 

at the same setting. 



Oscillating Ethanes, formerly 

much used as marine engines. Fig. 
11 showa the usual type ns made by 
Penn and others lor driving paddle- 
wheels ; this type has also been used 
for driving screw propellers, bnt is 
now almost superseded by the vertical 
type of marine engine. 



Fig- ll.'-OsciUitiDg Marint Eo^ue. 
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Trunk Engine ■.— Fig. 12 
shows an example of thia type 
for driving a screw propeller 
08 made by Penn. It has 
the advantage of being very 
compact and aimple, but is 
open to the objection of the 
very large gland for the 
trunk, and that the trunk in 
its outward stroke is exposed 
to the cooling effect of the 
air. Very large engines of 
this type were formerly mat! e. 
Two varieties are also shown 
in figs. 13 and 14. 




Vertical Harine Engine, 

old type by Maudatay. Arrange- 
ment to reduce height, but at 
tlie expense of introducing heavy 
reciprocating maases. 




Steeple Engine, formerly, and still o 
ally, used for driving paddle-wheels. A variety 
of this type has been used for small powers, and 
known as the Table Engine. 



Fia. ir.-St«plB Enp 
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TYPES OP STEAM ENGINES. 




Fig. 18.— Bourne's Marine Engine. 



Bourne's, "return con- 
necting-rod " engine, derived 
from the Steeple Engine, and 
used principally for driving 
screw propellers. There are 
two piston-rods in this en- 
gine, placed above and below 
the crank-shaft. 




Fig. 19.— Woolf s Compound Beam Engine. 



Beam Engine, Woolf's 
Compound. — Two unequal 
cylinders, side by side, at one 
end of the beam. Many 
pumping engines are of this 
type. 




M^ Naught's Compound Beam 
Engine. — This system, consisting 
of a small cylinder (high pressure 
cylinder), placed at the opposite end 
of the beam to the larger cylinder 
used as a low-pressure cylinder, was 
introduced by M*Naught for increas- 
ing the power of existing engines. 
The high-pressure cylinder was the 

one added, the original cylinder being the low pressure cylinder. 

The power of the engine was thus increased by increase of boiler 

pressure and the addition of the new small cylinder, to which the 

boiler steam was admitted. 



Fig. 20.— M 'Naught's* Compound Beam 
Engine. 




Fig. 21.— Inclined Frame Engine. 



Inclined Frame Engines, 

now used extensively for paddle- 
steamers in several different varie- 
ties, usually compound engines. 



TYrKS OF KTKAK KNflIKK». 



A Donble-Oylinder Sngine varietj 
derived from the Bbove, with the cylin- 
ders inclined at an angle of about 45°, 
JH occasionally used for driving rolling- 
tnilla in bar iron works. 



A variety of compound en- 
gine, with inclined cylinders, 
is shomi in fig. 23, 




Ftg. 2a.— Inrlined Cj- 




Aodial Bu^inea. — A modem typp, of which there are many 
varieticB. Fig. 24 shows Brotherhood's tliree-ry Under single-acting 
radial engine ; fig. 25, one with fonr cylinders. These are «ae<I for 
driving fans, steam-launch eg, and other purposes requiring Kpecd 
and compactness. 



WiUau'B Central Valve Engine.— 

One of the most modem types of engine, 
single-acting, compound or triple-expan- 
sion ; a special feature is the hollow 
piston-rod and central valve. Extensively 
used for driving dynamo- electric machines 
coupled direct on to the armature ^indle. 
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TTPE8 OF STEAM ENGINES. 



Various ways of arranging^ Cylinders and Cranks in 
I>ouble and Three-cylinder, Compound, and Triple-expan- 
sion Engines. — Outline diagrams. 





Fig. 27.- Double Cylinder, with 
cranks opposite or at 180 degrees. 



Fig. 28.— Three-cylinder Engine, with 
cranks at 120 degrees. 




Fig. 29.— Compound Woolf Engine, 
with cranks together. 




Fig. 30.— Compound Woolf Engine, with 
cranks opposite or at 180 degrees. 



i i 'ft^J^ ®is 



Fig. 31.— Compound Tandem Engine 
with receiver. 



B 



!l 




J 



Fig. 82.— Compound Engine, with cylin- 
ders side by side with receiver ; cranks 
at 90 degrees. 




Fig. S3.— Triple Expansion Engine, 
with cylinders side by side ; cranks 
at 120 degrees. 




Fig. 34.— Triple Expansion Engine, 
semi-tandem ; two cranks at 90 
degrees. 



TYPES OF STEAM ENGINES. 
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Action of Piatons and Cranks in Woolf, Compound, and 

Triple-expansion Sngines.'^ — Outline diagrams. 

A crank is shown to each piston, to enable the action to be clearly 
followed ; in reality there is only one crank shaft to each engine. 
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Fig. 85.--Woolf Engine, with cranka opposite (180*), without receiver. 




Fig. 36.— Compound Engine, with cranke at right angles, with receiver. 




Fig. 37. — Triple Expansion Engine : cranks at 120 degrees, with two receivers. 
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Fig, 38.— Semi-Tandem Triple-Expansion Engine, with two receivers. 



* Further details of the action of these compound engines are given in the section on 
Compound Engines. 



NAMKS OP PARTS. 

Names of the Farta of a simple Steam Engine. 



A. Cylinder. 




B. Frwne, bed, or beil pUt*. 


g. Main valve or main elide. 


C. CroBshoHl. 


*. Cat off y»lve or expansion valve. 


D. CoDnectiiigTod. 


f. Main valve rod or apioaie. 


E, Cmnk. 


I. Valve rod guides. 


y. Crank rin. 


m. Valve rod jiMuta. 


G. Crank Bhstt. 


B. Cut olT TBlvo eccentric rod. 


n. Fly«liee1. 




J. OuterbeBringorcrankBhsft. 


p. Cut off valve eccentric ' 


S. PLtfln. 




L. Piitonrod. 


r. Hand adjustment for varying tlio 


n. Cr8nksh?.tH)esring8,grmainbearingH 


s. Bnaaes for indicator cocks. 


b. CrosBkendpJnoreudgeon. 


'. LaggiiiB, easing, or clothing. 


c. Safety tall round engine, (.nd gland. 




d. Front cylinder cover with stnlBuB box 


slowly round, "barrinK" amiiKe 


1. Butkcyllndercover. 
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Notes and General Bemarks. 

The size or perhaps better the power of an engine may l)e esti- 
mated by the diameter of the cylinder, the length of the stroke and 
the boiler pressure. The merits may be judged by the general 
. design, workmanship, materials used, the construction of connecting 
rod ends, crosshead, crank shaft l)earings, and by the natui*e of the 
valve gear. 

The proportion of cylinder diameter to stroke, varies from 1.5 to 
2.0 in ordinary engines for driving plants of machinery, and in 
special high speed engines from .76 to 1.25. 

The steam engine maker must consider well before making a series 
of engines of one type, how best to make the minimum number of 
patterns serve for different sizes or powers required, and it is impor- 
tant to see that the parts are as far as possible symmetrical al>out the 
centre line, in order that engines may be readily built right or left- 
handed, in short before making either drawings or patterns, all possi- 
ble dimensions should be tabulated out clearly, a few skeleton out- 
lines being made for the different sizes showing centre lines only, the 
details such as pistons, crossheads, crank pins, main bearings, etc. 
can then be designed and a general drawing of each size prepared ; 
from which the larger patterns can be made. 

The most convenient starting points are obviously the diameter 
of the cylinder and the length of the stroke, then follow the speed, 
the maximum steam pressure and the subordinate details. 

In making a set of drawings for a steam engine ; for example of 
the horizontal girder type ; the following method will be found both 
convenient and quick. Draw the centre line for the cylinder in 
plan and also the centre line for the crank shaft at right angles to the 
same^ then from the table of dimensions draw in the crank pin where 
the two centre lines cross, on the centre line of crank shaft the width 
of the crank may then be set out which will give the position of the 
main bearing, the width of the same being taken from the tables ; the 
same two centre lines are then drawn in elevation, and a circle for 
the path of the crank pin centre, the length of the connecting rod 
from the tables, will give the three positions of crosshead pin centre, 
an outline of crosshead at the two extreme positions will give the ne- 
cessary length and positions of the guide surfaces for the crosshead 
slippers, the piston rod gland then drawn in will give the necessary 
clearance l)etween it and the end of the crosshead boss. The stuffing 
l)OX and cylinder cover then added will enable the position of the 
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cylinder to be determined ; the remainder of the engine may then be 
filled in on the same piinciple, remembering that in all machine 
designing, whether they be steam engines or other machines of more 
or less special character, it is always well to have in view the fact 
that the complete machine to be designed is composed of a number 
of elementary parts or " units," which have to be brought together 
in a practical form, and in order to save time and labour all these 
"units'' should be thoroughly worked out before the attempt is 
made to work out the complete machine.* It is, however, obvious 
that even elementtiry parts require modification, but the more 
thoroughly the smaller details are worked out, the less will be the 
labour and thought necessary to produce a complete machine for any 
special purpose. Speaking of the designing of steam engines of 
small powers, where a large number have to be made of few different 
sizes, the most successful makers have always been those who keep 
all the possible elementary parts in stock, this system enabling the 
cost of production to be greatly decreased, and leaving a margin for 
better design, material, and workmanship than is possible when each 
part is only made when actually wanted. Careful proportion of 
parts is not all that is wanted ; a detail that may work out well in 
one manufactory will not do so well in another. The designer must 
know the capabilities of the factory, nay, even the capabilities of the 
heads of the different workshops, before he can produce designs 
capable of being carried out so that the works may be run atiheir 
maximiim efficiency. 

* To many, these remarks may seem superfluous, hut from neglect of these 
first principles of machine design much time is often lost in the drawing office. 



SECTION II. 

DETAILS OF STEAM ENGINES. 

The following leading points in steam engine design and con- 
struction are important. 

Ample strength — it is not sufficient to trust to calculation alone 
but to compare calculated results, and to modify such results with 
j udgment based on experience. 

The selection of suitable materials for the different parts ; — such as 
the best possible mixtures of cast iron for the cylinder, the use of 
phosphor bronze, good gun metal or even white metal in the bear- 
ings, and steel for all rods and spindles. 

The form of those parts of which patterns have to be made is of 
importance ; and especially in cast iron or cast steel very great care 
must be used in the distribution of the metal, any sudden transition 
from thick to thin metal being a source of unsoundness in the cast- 
ings, and in most cases the designer should endeavour to study the 
different parts to be made in cast metal from the moulder's side of 
the question, the best castings being almost invariably produced from 
patterns so formed as to leave the sand with ease, without rendering 
it necessary to " mend up " the mould ;— it being obvious that all 
mending up of a mould means a source of inaccuracy in the result- 
ing casting, i.e. that it will differ from the pattern and no two cast- 
ings will be obtained alike. 

Good workmanship ; — the dearest is not always the best. Special 
attention should be given to the wearing surfaces, and in order to 
prevent hot beaiings the brasses should always be bored out a 
fraction larger than the measured diameter of the shaft which runs in 
them ; it is often difficult to make a workman do this as he is apt to 
think that such a practice is against the idea of a " good fit ;" hot 
bearings often cost a factor}' considerable sums of money and may 
damage the reputation of an engine maker. Good lubrication is a 
necessity, and all oil holes in brasses or joints should be supple- 
mented by distributing oil grooves or channels, deep enough to keep 
clear for a long time, a simple oil hole in a long bearing especially, is 
totally inadequate. 

"An excessive or exaggerated seeking after improvements or 
originality is very objectionable, one holds to good and well tried 
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schemes. Eveiy innovation should be discussed with a partner or a 
practical man, four eyes seeing more than two.'* The seeking after 
improvements or new appliances should always be encouraged, many 
useful schemes are lost by diffidence on the part of the schemePj 
which a little encouragement would allay. 

Besides one's own experience we may often make use of that of 
others, and notes of what we see, systematically arranged, so as to be 
easv to find, will afford much assistance. 

Frames for small Self-contained Horizontal Engines 

up to 16 inches stroke. 




Figs. 41 and 42.— Frame, with double (top and bottom) slipper guides 

with flat surfaces. 

The crank shaft is bent or slotted out and admits of the flywheel 
being carried at either side of the engine outside the bearings, and if 
required a driving pulley at the opposite side. The crank shaft bear- 
ing brasses are generally in two pieces with a cap and two or four 
bolts. 




Figs. 43 and 44. — Frdiue with bored Guides. 



FRAMES FOU SHALL ENGINES. 
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Figs. 45 and 46.— Frame with single slipper guide. 




Figs. 47 and 48.— Frames with bored guides. 



All the above frames are symmetrical about the centre line in plan. 
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Figs. 49 and 50.— Frame with bored guides. 

These frames are not symmetrical about the centre line and but 
little used, as right and left hand patterns would be required. 

These engines can be used as wall engines by being bolted verti- 
cally with either the cylinder or crank shaft above ; to a substantial 
wall ; they are convenient also for transit as they can be packed 
complete with everything in its place except the fly-wheel. 

The development of steam engine frames from earliest times to the 
present day is quite an interesting study, and has been progressing 
so quietly that it often escapes notice ; formerly architectural 
features were always introduceci, now smoothness of outline is 
almost universal, and the even disposition of metal is studied. 

In horizontal engines of old types the bed was treated more or less 
as a plate whereon to bolt cylinders, guides and bearings ; the metal 
was placed below, and far away from the centre line of the piston 
rod, so that the bed plate was subjected to a bending stress at each 
stroke of the piston, and these beds in some measure depended on 
the mass of masonry to which they were bolted for stiffness. In 
modern designing the tendency is to dispose the metal as nearly 
in the right place to resist stresses as possible. In girder 
engines the metal is disposed around the same horizontal plane as 
the piston rod, and as near to it as possible sideways ; in vertical 
marine engines the frame is a stiff triangle, placed over the crank 
shaft ; in marine paddle engines, &c., of diagonal type the metal is 
disposed in a most advantageous manner. 



FRAMES FOH SMALL ENGINES. 
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B«d-plate Frames of U-form section ; an old type, but still used for laige engines. 



Table 1. — Dimensions of the above Frames. 
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*NgU. — Throughout the Tables the letter H signifies the stroke of the 
engine, and D the diameter of the cylinder. 
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Frames for Medium and Large Engines. 

The bed plate frame as in page 19, fig. 51, was formerly largely 
used but now has given place to the more modern types given below ; 
it has the advantage of taking firm hold of the foundation and is 
still much used for winding engines of large size. 




Figs. 56 and 57. 




Figs. 58 and 59. 
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Figs. GO and CI. 



FRAMES FOR MEDIUM AND LARGE ENGINES. 



2S 



Figs. 



Figs. 
63^64. 



Figs. 
05 & 66. 




  

All the above fiumes Figs. 56 — 66 are of the semi-girder type 
having the frame supported throughout its length on the foundation 
except fig. 66, which is of the true girder type, the girder being free 
from the foundation, supports being at the ends, one under the 
cylinder the other at the main bearing. In the semi-girder type the 
cylinder usually overhangs the end of the frame. 

Note, — The frame of a gir- 




:p. j.t: . — ^ 







der- winding engine at Heme, 

of 5'3" stroke, cracked at (a), 

fig. 67, and the bending of 

the girder in the middle 

could be seen distinctly. A hole was drilled at the end of crack (6), 

and a supporting foot fixed under the girder at C. 



Fig. 67. 
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The opening or window 
for the crosshead has ends 
in the form of a parabola 
with axes as 1 to 3 and a 
fillet is carried round the 
window either as at A or 
B. Fig. 71 also shows the 
blending of the round part 
of the frame with the 
flange to which the cylin- 
der is bolted ; the guides 
are sometimes finished as 
shown in Figs. 72, 73. 



Fig. 71 




Figs. 72 and 73. 

Fig. 74 shows the connec- 
tion between the part of the 
- frame with the bored out 
guides and the main crank- 
shaft-bearing, the straight line 
Pjg 74 forms shown in the figure, 

makes the pattern simple ; 
the dotted circles show the holes for venting the core and for getting 
it out of the casting. 




yiUMES KOlt MBUIUM A5lt I.AUtiK EKOINES. 




Fig. 70. Rb- :«. 

Table 4, — Fe«t tor supporting dirdw Fnun«* (Fig*. 75 — " 



Engini 



Sj 10 12 ,7^ «ij 21 

6J lOj 12j Tj 6J, 22 

7i 11 13J 8 !7i' 23 

7i 1U,I44 8| 7i 2^ 



il Cylinder end ol OInlfr. 



6 ;2J -a 5^ 4| 6 15 
6J 2i 5 Gi 5J tti 17 
'i'2| Gh Sj ej 11^ 19^ 



Small eoj^ee up t« 12' diEimetei of cylin- 
der are frequently made with ovethangiog 
cylinders and with the foot cast ia one with 
the girder as shown in fig. 76. 

For lai^r engines an intermediate support- 
ing foot ia Bometimca cast or bolted on to the 
girder. The curve of the eides of these feet is 
parabolic, fig. 77 
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Fig 78.* 



Table 5. — Main '. 


Bearing Foot 


(Fig. 


78). 
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* This foot is not symmetrical about the longitudinal centre line, and there- 
fore cannot be used for both right and left-hand engines without alteration to 
patterns unless bolted to girders by a flange. 
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Table 6.— Bundrr Details tax Oirder FranwB (Figs, 79— S2). 
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Frames for Horizontal Engines with more tlian One Cylinder. 




Figs. 87, 88 show a frame 
for a double cylinder engine 
with fly-wheel between the 
two cylinders. A very con- 
venient and cheap type for 
small self-contained engines. 
The size of the fly-wheel is 
limited in this arrangement to 
about three and a half times 
the crank radius. 



Figs. 87 and 88. 
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Figs. 89—91. 



PRAXES FOR TEKTICAL ES'ilKBS. 33 

Figs. 89—91 show a frame for a triple expansion koriEontal engiDe 
or 20 inches stroke, the arrangement for ailjuBting the crank eliafi 
kroasea by set screws u not lecommended, although Tonnerly it woa 
a very common practioei* 



Tramu for Vertical EagineB. 




The above fig». 92 — 99 show some early types of vertical engine 
frames for small engines, a modification of fig. 98 is now used for 
small quick running engines, and has a wrought-iron stay bar brought 
from a lug on the cylinder down to the front of the base of the 
fiwne, 

• See "ZeitscLrift der Verein d«DtiKh. iDEenieor, 1888," fg* 226. 
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DETAILS OF BTEAM ENGINES. 



Figs. 100 — 102 show a vertical engine frame of cast iron for large 
engines of the marine type, the outer bearing is here on a separate 
bed outside the fly-wheel when used as a land engine. 

Figt. 103 — 105 show a vertical engine frame of cast iron with 
wrought-iron stay bar in front, and both crank shaft bearings on one 
bed thus making the engine self-contained. 




Figs. 106—109. 

Figs. 106—109 show a frame of the marine type modified for £ell- 
contained vertical land engines. 
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CBANK SHAFT BEAKISOS. 



Crank Shaft Bearingre. 




Figs. 110— Ua— Bearings witltbrasJiM In two lurts for BiBnllengJnea. 

Figs, m— 116.— Bearings nHCh brassei In three pnrla for medinm-Hlieil en^nes. 

Figs. UT— 133.— Borings nith brasses Id fouirutB tor luge engines. 



UETAILS OF STKAM EKGISES, 



Flgx. IZ4 ana 125. FigK. ISH imd I2T. 

FiRS. 124—127 allow two different designs of Lenrings ; in one, Fij 
124, the adjusting wedge in difficult to fit in, and in flg. 126, if ilesii 
able to cover up the weilge nt tlie siden, llie llarfjes of tlie brasses ii 
ijuiro to be veiy deeji. 



Fi};. 1SB shows tlie bearings of cost iron 
or cast sleel lined with wbil4; uiela). In 
la>^ beoriuga tlie c«ps arc often cored out 
to ligliten then), as shown in section in S-^. 
lit)— 131 ; these figures also show two 
methods of adjusting the browses cndwajs 
or horiioDlall}'. The outline of the bearing 
foot is niiide approximately parabolic, a 
eurve which gives peihaps the neatest 
appeanmce. 



CUANK SHAFT BEARlXfSH, 89 

It will Le noted in fig. r28 that tlie adjusting WecTge i8 sliown 
with the smcdl end downwards ; it is generally better to have all ad- 
justing wedges with the large end downwards, as then, if the bolt jars 
loose, the wedge will work down, and not janib as it might do when 
put in the other way. 

The crank shaft or main bearing, being a very important i)art of 
the engine, requires special care lx)th in design and construction. 
The adjustment of bearings with the brasses in tliree or more parts 
by means of wedges placed so a^ to take up the wear in definite 
directions, has many advantages if skilfully handled, but may lead 
.'to bad results and prove to be far worse than the ordinary bearing 
wdth two-part brasses if badly handled. On this ground, many fii*ms 
make even large engines with two -part brasses and no wedge 
-adjustment. It is noticeable that both in marine and locomotive 
practice the bearings are made as simple as possible without any 
elaborations. 

The part of the brass step ^^ '*ft ^i-. , ^ 

which rests on the body cast- 1 51 * 
ing of the l^earing should 
always be well fitted and 

have ample surface. Figs. niJL.__^._.^^..7^' «j 

132, 133, show the section of [, , L ^ jj j m p "^ "^ "' - 

a crank shaft brass when new *•*♦ ET^ 
xmd after many years wear, 

the lower fig. shows how the ^•" Fi'7"i"i./fui ris 

material of the brass spreads 

out in the direction of its length by the continual pressure and jarring 

of ordinary work.* 

Crank shaft and other similar brasses have a tendency to close in 
and pinch the shaft as they become warm, to avoid this trouble two- 
part brasses should be bored out 0*5 pet cent, and four-part bi-asses 
0*8 per cent, larger than the diameter of the shaft, attention to this 
point would often save trouble in ordinary shafting, the brasses of 
which are often sent out a tight fit on the shaft and have generally 
to be filed or scraped out until they ai*e a comparatively loose fit. 

To bore out and fit up brasses, especially when in many pieces, they 
are planed up on the flat joint surfaces and soldered together, and 
can then be bored out, turned or machined where required, and fitted 
to their places, and afterwards readily separated by heat ; sometimes, 
where' possible, they are held together by clamps and steady pins. 
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 Zeitschrift der Yerein deutsches iDgenieur, 1890, page 931. 
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40 DETAILS OF STEAM EKQIKES. 

A suitable mixture for ivhite metal is, according to Kircliweger, 
composed of 9| parts copper, 13 pai-ts antimony, 69 parts of pure 
zinc : the copper should be first melted, then the antimony and zinc 

added and the mixture well stirred and 

#y^^t\ granulated ; 27 parts of this granulated 
4-«jgv metal should then be melted, and 29^ 
XfiT^fiX parts of pure zinc added, the mixture 
X^y^/ well stirred and ran into bars. There 
„, ,„. , ,., are numbers of different metaU now 

Figs. 134 and 135. 

used for lining engine and other bear- 
ings, one of the first used was Babbit's metal, said to be composed 
of 1 part copper, 10 parts tin, and 1 part antimony. All these alloys 
of metals, differing much in their melting points, should be mixed 
with care, otherwise the easily fusible metals will volatilize, and un- 
satisfactory results will be obtained. Other standard metals used for 
engine brasses vary in their composition according to the judgment 
and experience of the manufacturer, they usually are composed of 
copper, tin and zinc, copper and tin being the chief ingredients. 

The heating of bearings may proceed from the constraction, main* 
tenance or attention, or rather want of attention, whilst at work, and 
even when at rest 

The causes of heating may be tabulated as follows: — 

1. Too high pressure per unit of surface P* 

2. Too (great speed of the shaft for the given pressure, t.e., p v too 
great. 

3. Too much pressure from the shaft being not sufficiently stiff for 
the work, t.6., shaft too elastic. 

4. Unsuitable material for the brasses or steps. 

5. Insufficient means of lubrication. 

6. Blows or jars. 

Tlien let d » diameter of journal in inches. 
t =& length of journal in inches, 
ti — speed in revolutions per minute. 
P s= total pressure in lbs. 
p = pressure per square inch in lbs. 
V = periphery speed of the journal in feet per second, 

tlien, for ordinary engines : 

jp < 270 ; I? t; < 840. 

These figures do not give the limit to which the pressure and speed 
may be cariied, the table gives some examples taken from engines 
which have been running for some yeai's. 



CRANK SHAFT BXARINGS. 
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Table 9.— Examples of ICain Bearings from Actual 

Practice. 



Diam. 

of 
Steam 

CyL 

In. 



17-7 



23-6 



f 23C 
(36-4 



9 



2« 



QQ 



(23- 
(39* 



27-5 
43-3 
41-3 

39*4 



Rcvo- 

lation 

per 

mill. 



in. 



I, 
in. 



P. 

lbs. 



I llM. 

'«4.in.'«cc. * 
j , w\. in. 



p. V. ' 

«^x Material Machinery 
'^*' of driven by 

engine. 



i!**'i' Dearlnai. 



66 6-7 10-8 



25-6 25'-6 

27-6 39-4 
31-5 47-2 
36-4 531 



49*2 



49*2 



75 
60 

120 

150 
180 

100 

80 

80 

80 
90 



12-6 



28200 



3«ii's<^J!rn»^. 



I 



I 



24-4 



Electric light 



37500,122, 503 Gun metal Roller mills 



8-6 14-2 46100:378 851 Babbit 'Floor mill 



9-8 14-5' 30800 277 1113 Gan metal Roller mUla 



9-6 15-7 
iO-2 16-5 



12-2 
14-2 



171 



19-7 



22-8 



23*6 



34800 235 

t 

I 

49500 ! 290 



52300 
78200 



156200 



217 



242 



387 



1477 
1772 



Babbit 



Roller mills 



I 



1549. Babbit Roller mUIs 



924 



1095 



2310 
2599 



Gnn metal Roller mills 
Qan metal * Roller mills 



Babbit 



Roller mills 
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Th« Iiubrication of Beftringa is of great importance, and 
efficient nieana should altvays Tie proviiled tor supply and distribution 
of tlie oil or other lubricant. Fig». 136, 13T,givea«ectioa through the 
crank-shaft bearing of an en- 
gine nseil for driving a roll- 
ing'roill. The lubricant i^ a 
siitf grease, and ie delivereil 
into tlie bearing by six pis- 
tons of gas tube, shown in the 
I fig. 136 in their respective 

lioles in the cap ; from these 
the grease is forced by the 
weight of the pistons into 
chnnnels furnie<l at the jointi! 
of the diflTerent parts of the 
brass. The engine from 
which this example is taken 
has a cylinder of 39 ins. dia- 
meter, and the stroke is56 inf. 

- The lai'^e oj)eniug in tlic 

KiKB. 1*1 nii-iiiir. centre of the cap can be filled 

up with lard (iiped-), a mate- 
rial lately nsed iu inlliuy 
milLt. The adjusting wedge 
is of the same fomi as that 
shown in fig. 127. 

Water is occasionally used 
to cool down hot beoringR, 
applieJasshown in fig. 138; 
with marine engines water ia 
laid on to most of the bear- 
ings through small copper 
pipes fi'om a cistern, each 

  Fifi 13S. l''P^ being provided witb-a 

tap. Figs. 139—142 give 
examples of a large crank tliaft beiiriiig, with the dimensioiLS given 
in inches in Table 10 below. 

Solidified oil or grease has been successfully introduced for the 
lubrication of engine and other bearings ; it is forced into the oil 
grooves by a special screw cap to the lubricator, such as those oC 
Staufl'er and others. 



CKANK aUAIT BKABINQS. 

Pig. I3B. rig. 1«. 



Tablk 10.— Dlmeiuioiui of Bearings (Fi^s. 139— 14:i). 
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CRANK SHAFT BEABINGS. 
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DETAILS OF STEAM RXQ1XB8, 



Figs, 140, 147 sliovv an e.taniple of inclined main tearing forhigh 
speed rope I'ulley, and is arranged for water circulation. 



Crank Sbafts, Oranka, and Crank Diac«. 

u^uiUv made of wrought iron, but now almost 
F r ery large Tnarine engines they are built 
I p of steel, often Whitworth'e compressed 
Bteel, and are made hollow to flave weight ; 
I the diameter of the hollow being about -(i 
f the external diameter of the shaft. 
F g. 148 shows a built-up hollow crank. 

"n high Bpeed engines tlie weight of 
the connecting rod and crank should \)e 
F g 3 balanced. 

Lot ^ 1 = the n cessarj balance weight. 

R = radius of the centre of gravity of the balance weight. 
Wj = weight of the crank pin plus half the weight of the 

connecting rod. 
r = the railiiia of the crank. 

Wj = weight of the piston, piston rod and crosshead. 
Then for horizontal engines 




W, 



W,. 



*K ' 



\- be taken that 



(BANKS,. ['BASK PlSCfl, AXl) CBANK KHAITH. JT 

The balance weight should act in the same plnne in whicli tlj<! 
pacts to be. balanced, move ; hence it u wrong ti> balance the ciank, 
connecting rod, piston, and crosshead by applying the balance weight 
to the fly-wheel. The employment of crank discs, figs. 160, 163, 
although aomewhat easy to balance is often objectionable on account 
or their actiqg as resonant bodiea, and tend to magnify the noise 
caused by any knock in the engine* A balanced crank Uu is 
shown in tigs 156, 157. 

CraokB, Orack Dioci slatted out, uid beat Orank Sh&fti. 

»«ndl50 ^Flgs lil— IM. 




Fi;,'s. 149, 150; show a fomi of ordinary crank, formerly mide of 
cast icon ; figs. 151^155, a crank of wrought iron or cast steel ; figs. 

. * This majbe tnM ia Enme inaei, but if the Oiec is sufficiently massive tbs 
efTect is not vorv noticeable, espccinll]' if the bslsnce welglit is Applied an 
ia shown ia GgB. ISZ, ISl.— Kc 
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DETAn^S OF STEAK ENGINES. 



156, 167, a crank disc of cast iron ; fi^a. 158, 159, a crank of either 
cast iron or cast &teel, the former material ia not now much nsed^ 
except in small cheap engines. 



Orank Shafts with Balance Weights, 





Figs. 160 and 161» 

Figs. 160, 161, show a slotted or machined-out crank, with disc 
balance weights applied in a special manner to the round cheeks of 
the crank dip. 




Figs. 162 and 168. 



Figs. 162, 163, show an arrangement for applying the balance 
weights to the cheeks of an ordinary slotted-out crank. 



CBANKS, CBAKE DI£C8, ASS CBANX SHAFTS. 




Figs. 164, 166, show a wronght-iron or steel cwuk, with the crank 
pin free in one side of the crank ; this type h much used for 
paddle eiigiuea, the engine crank shaft being separate from the 
paddle-wUeel shafts, the latter being driven by the crank pin as 
ehovn, the left crank being on the engine shaft, the right-hand one 
on the paddle-wheel shaft. 



Cranks, Omnk DIbcb, Slotted-ont and Be&t Otank Sbafta. 




Fi^a, 168, 167 show u form of cralik with balance weight in or 
piece ; figs. 168, 161}, a slottcd-out crank « fonu much used i 
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" undertype " and other engines where it is desirable to save room in 

the width of the engine, this form being narrower than the common 

form of l>ent crank, which is almost exclusively used on portable 

engines, fig. 170. In the fig. 169 the 

slotted crank is shown with the sides 

shaped off concentric with the shaft and 

pin respectively at the two ends, but it 

is usual to turn these ends in the lathe 

on a centre, midway between the crank 

pin and shaft centres. 
Fig. 10. * 





Fig. 171. 



Crank Shafts. 

Particulars of the neck or journal. 

In fig. 171: — 

P = Pressure on piston in lbs. ; 
M* = P^ = the bending moment in 

inch or foot lbs. ; 

Mj = Pr = the turning moment in 

inch or foot lbs. ; 

h = the stress on the material in 

pounds per square inch ; 

so the ideal bending moment (if, as usually the case, M^ < M^) 
(M»X = -625 U, + -6 Mrf = Wit. 

Example.— An engine with piston ISf diameter, stroke 27^^^, I = 
ISf, p » 103 lbs. per square inch, P - 20064 lbs. 

(Mj)i = C625 X 20064 x 13*75 + 200G4 x '6 x 13-75) -M2 = 28400 
foot lbs., or 340600 inch lbs. 

The stress on the metal may be taken as ifc = 9960 lbs., or 4*4 tons 
per square inch, this gives the- resistance moment 



9960 



d = C*9 inches. 



CEANK3 ASD CRANK PINS. 



Katerial : Wrought Iron or Mild Steel 



The diameter of the neck or journal being d, the diameters at the 
other parta of the shaft in fig. 172, i, = 1-15 d, rf, " li d. 

With usual proportions the stress on the metal at d, may he taken 
OS from 2,800 io 5,600 lbs., or I> to 2i tons per wiuare inch. 

If G = the weight of the ily-wheel in iwund*, the iileal bending 
it for rf„ taking oa before, page 60, M, < M,„ 

(M.), = Wi = 0-625 G "J* + 0'6 P,'. 



Orankg and Crank Pins. 

Wrouglit-iron or east steel crnnka (fig. 173). 
Length of boas 5 = -9 to 1-3 d ; 
Thickness of metal W = -4 to -5 rf ; 
The crank web will be exposed to a bending 
oud twisting stress, 

Mt = Pr ; M, = Va. 
Tlie diameter of the boaa for the crank pin will 
1>e about J of the htrgar boss for the abaft The 
bore of the bosa ia made from jAj, to j^ amaller 
tban the end of the crank abaft, put on hot, in 
■workshop language " shrunk on,'' and fitted with 
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Crank Shafts for Engines with Two Cylinders. 




Fig. 174. 



Table 12.— Dimensions of Crank Shafts (Fig. 174). 



Diam. of 

Piston and 

Stroke. 
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All DimeQBiong are given in Feet and Inches. 
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CKASK PIX8. 



Or&nkFiiu. 



These are iavariably of mild steel, 
d = diameter of pin in inches. 

b = length of pin in inches. . .  . 

P = maximum pressure on piston in lbs., LJ 

then M, -= P -I- = Wfc - 1 ct'h Fig. irj. 

The stress i: may be taken aa from 6,720 to 11,S00 lbs. or 3 to & ton> 
per s<|uare inch. In order to avoid beating, the crank pin b iiaiwlly 
made lai^r than given by the above formula, letp = .- »• the pressoro 
per square inch in lbs. on tlie surface of the crank pin and 
D = ^^= speed of crank pin surface in feet per minute, then for 

. ordinary workmanship p < 1,130 lbs. per square incli tiji < 845 with 
very high class workmanship we may go higher, see table on 
p.^ 63. 

methods of flstDg crank pins into 
the crankarm. — Aveiy usual method 
is with cone and key (fig. 177), the 
pin being shruuk in, the taper of 
the cone being about 1 in 32. There 
is always difficulty in boring a I 
tapered hole and making a pin to be | 
nn exact fit, an easier and better 
method of fixiug crunk pins is by p|g_ ,-j 

making the pin <n'ith a collar and 

turning the shank parallel to fit a parallel hole in the crank arm, the 
pin can, when small, be secured by riveting the end over or by a key 
transversely through crank arm and j)iii, but in all coses the pin 
should be shrunk in, or squeezed in with a hydraulic press, A 
special method of fi.\ing the pin is shown in fig. IT4, whicli also 
shows an elaborate system of Inhrication, 
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CBANKS AND CRANK PINS. 
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Crank Discs of Cast Iron. 




Table 14.- 


Dimension of Crank Discs (Fif; 


.182— 


184). 
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Prepatation of Crank Fins in Special Oaa«B. 
Crank pins are sometimes caw-hnrdeiicd mul ground up true in a 
grinding uiacliine. This bos been done in Anieriun, and alto in 
Germany aud other countries. The journals in the Allen engine hy 
Whitworth were ground up perrectly true ; no douLt thia is con- 
ducive to cool running, hut n'ith crank pins the heating ia not 
always caused by want of truth ia tlie form of the pin, but probably 
fVom the pin not being perfectly in line with the crank ehatt. 

Lubrioation of Crank Pins. 

In small engines the necessary lubrica- 
tion ia obtained from an oil cup in the 
connecting rod end (fig. 165), 

An arrangement for oiling the crank 
pin whilst the engine ia running is shown 
in, fig. 186. The oil cup ia aupported on 
the guard rail of the engine. The oil from 
the cup runs down a tube into a hollow 
ring at the end of a tube fixed into the 
crank pin. Tliis hollow ring receives the 
oil which by centrifugal force makea its Hg. isj. 

way through the holes in the crank pin, and thus supplies the pin 
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and connecting rod end with oil. Two other methods of lubricating 
with special grease are shown in figs. 187, 188, one with the "Staiiffer '' 




Fig 1S7. 



Fig. 188, 



grease cup. The cap of this cup is screwed down by hand, and 

forces the grease along the tube to the pin. 

Another method much used in large engines is 
shown in fig. 189. The oil cup, C, is supported 
on a wrought-iron standard carried np from the 
main bearing pedestal, so as to stand just over 
the crank pin when at the highest position. A 
cotton wick is provided in the cup, and is 
allowed to project through the bottom of the 
cup far enough to be wiped by the lip, L, in the 
cup R, fixed to the connecting rod end, B ; at 
every revolution of the crank a small quantity 
of oil is wiped off by the lip, and falls down the 
oil hole to the crank pin, P. This method 
answers very well with engines running at 
ordinary speed, is very simple and inexpensive, 
and easily kept clean, there being no long pipes 
Flo'. It 9. through which the oil must pass, and which 

frequently get stopped up with gummy matter and dirt. 



-<— 




Slotted or BCachined-out Cranke. 

Formerly these were forged solid out of wrought iron, and 
then the dip drilled and slotted out ; now they are usually 
— ^^e of mild steel, and machined out to the required form and 



SLOTTED OR MAC'HINED-OUT TRANKS. 



Til) 



dimensions. Small cranks are occasionally cast to fi»rm from a 
pattern in steel.* 




Fig. 102. 




^'HM'l^* 



l-.-Z >»--^-H 

Fig. IIH. Fig. 1P:J. 

Let P =a the pressure on the crank pin in lbs. 
G = the weight of the fly-wheel in lbs. 

(a.) Single Crank Shaft as in the above figs. 190, 193. 

The maximum supporte<l pressure is first to be calculatcil. 
In figs. 190, 191— 

A^= - 1/- -=r^«;; • 

In figs. 192, 193 - 

P.-J + G(L-|-0 
A - = - + O + CS 



(3) 



(4) 



Fur calculating the crank cheeks or dips, S, imagine the riyht- 
haiid cheek as rigidly fixed ; then in figs. 190, 191 — 



, (m, = aJ^:; + - pc . 

' M^ = 






* There is some risk of confusion in speaking of ''mild steel," "cast 
steel,*' and '* steel castings," or "cast in steel.** Generally speaking "mild 
steel ** means such steels as are worked up from open hearth or Bessemer 
ingots into bars, plates, angles, &c. Such steel is not supposed to harden 
perceptibly when heated and quenched in cold water. "Cast steel" is a 
somewhat vague term, but may be generally taken to mean steel worked up 
from ingots made from melted shear stpel, and is usually highly carbonized, 
and capable of being hardened in the ordinary way. One kind of this steel is 
known as tool steel. "Cast in steel" or "steel castings*' means that the 
object is actually cast in form from melted steel poured into a mould. Steel 
castings of the very best quality are often advertised as "crucible steel," 
meaning obviously that the steel is melted in crucibles, and poured from them 
into the mould. Other more direct processes than this are used for largo 
Oteel castings. 
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When turned 90°-— 



M, = Pr . . . 



(7) 
(8) 



At tlie bearin: 



To calculate the cross section, that value is to be introduced 
which, according to equations I. or II., gives the (M^),. 

For the pin Z take | ^^* "" ^^^ "2 ^^^ 

( M^ = 0. 

= G6 . . . . . (10) 

Pr (11) 

Mt and M^ may be combined into the ideal bending moment 
(Mj), according to the formula given on page 50. 

Example. — Calculation from above formulae for the shaft of an 
engine with piston S^ diameter, and stroke 11}'^, working pressure 
75 lbs. per square inch. The engine frame is shown on page 20, 
fiff. 54. 



"^'^Im;: 



P = 3306 lbs., G = 880 lbs., r = 



11;75 
2 



= 5*875 inches. 



L = 29*5 inches, I = 8*67 inches, c = 2*95 inches. 

A, = ^^ + 880 -®'^^- = 1912 lbs. 
^ 2 29-5 

A- = 1^''^ + 880 + 880 —I = 2792 lbs. 
* 2 29-5 



EEE^EE 




•*!?;» 
-t-^-^^--^ 




Fig. 194. 

For the crank cheeks or dips — 

( M» = 3306 X 5-875 = 19423 inch-lbs., 
• ( Mrf = 1913 (14-76 + 2-95) - 3306 x 2*95 = 24110 inch-lbs. ; 

then (M,)i = '625 x 19423 + '6 x 24126 = 12139 + 14466 = 

26605 inch-lbs. 

The cross-section of the crank cheek = 3*5^ x 2*4^ = 8'4 sq. ins. 
the value of the smallest cross-section of metal. 

26605 

— — — = 3170 inch-lbs. per square inch nearly. 



DOUBLE CBAKK 8HAFT8. 



Gl 



For the bearing A^ figs. 190—193, 

(M,), = -625 X 880 X 8625 + -6 x 3306 X 5*9 = 
4744 + 11706 = 16450 inch-lbe. 

Cross-section = area of 2*96 inches = 6*83 sq. ins. 



16450 
6-83 



= 2406 inch-lbs. per square inch. 

29-5 



For the crank pin, Z, M, = 1913 x -*'' - =* 28216 inch-lbs. 

Cross-section = area of 3*14 = 7*74 
28216 



774' 



= 3644 inch-lbs. per square inch. 



(b.) Double Crank Shafts. 

Also here the first point to be determined is the pressure on the 
bearings ; for simple calculation the pressure on the two pistons 
may be taken as equal. 



Fig. 195. 



4 








Fig. 196. 



Fig. 198. 



. (12) 



In figs. 195, 196, 
A __ P(t + P (g + ft) + GZ _ p . p I 

In figs. 197, 198, 
A. = Pa-fP(a+^LJLQJLji.Q^p + G + G^ . (13) 

The twisting and bending moments for the cheeks, S, crank pin, 
Z^,aud bearing, A,, can be determined by i\^ same method as above 
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A useful furmula fi>r calculating the diameter of a crank shaft is 

as follows : d — A / -^- X 1^- ^^lel■e N = numlier of revolutions 

per minute, c = a constant l>ased on practice. When aaing the 
somewhat vague term of " nominal " horse-power, the constant may 

be taken as 500 ; d = A/ -5, - x 560. When using indicatetl 

hoi-se-power, the constant may be takeu as 190 ; d = a/ -^^ x 1£K), 
this will give ample strength for mild steel ehnfts. 

Ucthoda of oiling Crank Tins of Sent find Slotted-ont 
Cranks. — The usual method is based on that shown on pt^ 57, 
flg. 185, where the crank pin is oiled tlirough the connecting rod end. 
Another method, but certainly not ao good, is shown in fig. 199, 
where a hole is drilled in the pin shown in dotted 
lines, and fed with oil by a cup fixed to a ring 
held concentric with the shaft. No doubt this 
would freely oil the pin, but the long holes through 
which the oil has to travel are liable to get choked 
up, and may do to without being noticed until 
Fig. iw, the pin runs hot. 

Connecting Boda. 

Of almost equal importance to the crank shaft main bearing is the 
connecting rod end which works on the crank pin. The desire to 
make a perfect connecting tod end has led to a lai^ number of 



varieties being designed, but the general tendency has been to settle 
down into two or three types, such as tlie marine type with boltB, 
the strap and cotter tv]*, the solid end tyi>e, and a few others for 
special cases. 



CONNECTUra BODS. 



Cd 



Fig. 200 shows an example of connecting rod end fitted witli bolts, 
and the seating faces of the brasses of spherical form to allow of slight 
self-adjustment should any part be out of truth. The example is 
taken from a pumping engine, with a crank pin 9*84 inches 
diameter* 



Table 15. — ^Engine Crank Pins from Actual Practice. 

(Kiesselbach.) 
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17-7 27-5 66 1 4-5 4*7 22500 1113 , 1381 Babbit ElectricligUt 

i M ! : 

23-6 43-3 75 i 8*5 13-0 3090D -, 280 , 779 Gun metal Roller milla 
23-6 



,. . , 41-1 60 6-1 . 6-1 1 38200 1027 1640 Babbit 
35*4 '■ ' 



23-6 , 
39-3 *^^ ^ 



25*6 25-6 
27-5 39-4 



Flour mills 



120 51 51 24700 950 



31-5 



47-2 



35-4 531 



49-2 



49*2 



150 
180 

100 
80 

80 

80 
90 



5-9 



6-3 28200 



750 



1537 lun metal; Roller mills 



2896 
3475 



6-3' 6-7 40400. 957 2631 



7*1 



7-9 



Babbit 
Babbit 



Roller mills 
Roller milbi 



8*6 I 41900 I 686 1700 (Jun metal Roller miUs 



9-8 



9-8 11-0 



65300 



861 2374 



127800 1186 



4057 
4567 



Gun motal 



Babbit 



Roller mills 



R.oller mills 



DETAILS OF STEAU ENOINES. 
Connecting Rod Ends. 




Fias. 303 Mid £01. 



Figs. 205 BDd 206. 



Figs. 207 and S06. 
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CROSSHEABS. 
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Figs. 264 and 265. 



Table 23. — Dimensions of Cast Steel Crossheads with 
Cast-iron Slippers (Figs. 264, 265). 
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All Dintensions are given in Inches. 



TiiBLE S4.— DimensiooB of Oast-steel Orosaheads with Cast- 
iron BUppers (Fig. 266). 
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Table 25.— Dimeiuiioiui of Croasheads (Figa. 267, 2i 
plate Engines, page 19, 
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The above figs, show two mcthoda of fixing crosehead pine, another 
method is shown on page 66, fig. 226, under connecllDg rode with re- 
marks on difierent wa js of fixing pins. 
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AU DlomiioiiB ITS given to Inch«i. 
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The length of the inain-beariDg journal and the 
dimension x^ depend in some measure on the design 
of the engine. In the Table d = diameter, I = length 
of journals and the upper figures are for 110, and 
the lower for 90 lbs. working pressure. 



Fig. 271. 



Table 27. — DimensionB of Kain Bearings, Crank 

Crosshead 
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All Dimensions are giyen in Inches. 
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Table 28.— DimenBions of Piston Bods, Kain 
Crank Pins and Crosshead Pins for Engine 
to 110 lbs. Working Pressure. (For Engine 
page 30.) 
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All Dimensions are given in Inches, except those in Column c. 
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Piston Bods. 

Piston rods are now almost always made of either Bessemer or open- 
hearth steel. 



I 

_x 




Both ends of the piston rod can be taken as fixed, then the diame- 
ter to resist crushing may be taken from the formula 

d = '0324 VP L^ where d = diameter of rod in inches, P the maxi- 
mum pressure on the piston in lbs., and L the length of the rod. A 
more direct method of determining the diameter of the piston rod is 
in proportion to the area of the piston and the maximum pressure 
thereon. 

Thus if A = area of piston and a = area of piston rod, then for a 

maximum boiler pressure of 80 lbs. — = a or A x '0244 = a gives 

a very safe strength for the smallest part of the rod, usually that part- 
of the rod around the cottar hole at crosshead end, and as the rod has 
to be of a somewhat larger diameter in that part which passes through 
the cylinder cover, there is ample strength to resist crushing or 
bending. 

Another way is to give sufficient metal in the smallest area of the 
rod to give a maximum stress of If tons per square inch, in some 
cases the stress may be as high as 2 tons per square inch. The staff 
or main part of the rod is often made about ^" to J" larger than the 
largest diameter where it enters the crosshead, thus giving a small 
shoulder, this is for allowing the rod to be trued up after wear, with- 
out disturbing the part which fits into the crosshead. 



Pistons. 

Of pistons for steam engines there are endless varieties, high speeds 
and high pressures rendering it difficult to construct a perfect piston, 
and in fact this difficulty is well shown by the number of new pistons 
that are constantly being advertised in the technical journals. A 
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perfect piston should work silently, and keep steam tight for b reason- 
able length of time, and should be aanearfrictionleeaEis possible; the 
number of parts should be few, and all bolu and nuts secured from 
working loose. The attachment of the piston to the rod is a matter 
of great importance, the cone and nut shown in figs. 273, 276 has 
been successfullj used on small pistons, but it is questionable 
whether a parallel rod with collar and nut is not better for very 
large pistons, accidents having happened from the piston body being 
burst by gradually mounting up the cone, especially when the taper 
of the latter has been too slight; a good proportion for the cone is a 
taper of Ij inches of diameter to one foot of length. 

Figs. 273, 274 show a form of plain piston fitted with Kamsbottom 
rings, figs. 275, 276, 277, a good and cheap form for small pistons 
with one inside and two outside rings, all of cast iron, fig. 284, a 
spiral coil-spring piston of cast iron, wiUi cast-iron outside rings. 
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Table 29. — Dimenaioiis of Pistons from 6" to 16" Biameter, 
with CoT«r held on by Piston-rod Nut (Figs. 297, 298.) 
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Fig. 306. 




:^ 4 




Figi. 308 and 307. 



Fig. 306. 




Fig. 304. 



Figures 304 to 308 show an ordinary set of piston rings "with 
tongue piece on inside ring, and the outside ring cut so as to prevent 
marking the cylinder and also to prevent the leakage of steam. This 
way of cutting the rings is not usually considered necessary, a 
diagonal cut being generally sufficient with or without the tongue 
pieces. Table 31 gives the dimensions of these rings. 
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BteSim Engine Cylindera. 




^lS" 



The above figures show different deaigai for cjlindeis of horizontal 
euginei with and without steam jackets. 
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Figs. 327 and 328.— Cyllodec for doable elide valve g«ir. irjUi the 
on uTsngenieiit which reduiKS tlu length of tha steam poets U 
pmlhle vlth sllds vslves. 



at hniui 



Pigs. 3M and SM.— Cylinder for Rider's Tslve ge»r, "It* (he nlv«s In two parte t« 
roduce lengtJi of st«am ports. 




Fig* 331 and S3I.— Cyllndtr for pitiim atlde nive. 
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Figi. SSe tuA SSr.— CjUnder for vialTe gar, wiUi CoiUm vdce*. 




BTEAU BNOINE nTLINUKIUI. 




3S9.— Cylinde 




Ml.-C7lind« 


torM.T.r'.ilidBv.ln 


S4a.— Cylindfl 


rorRM«-.Tiil.eg«r. 



In the above examples the slide Talve cheat is shown shorter than 
the cjlinder ; this anangement saves weight, but it is often more 
convenient to make it the same length aa the cjlinder and to bolt the 
•tnfBng boxes on. 
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The thickness of the cylinder walls in small or medium sized 
engines has been determined from practice more than from calcula- 
tion, and ranges from |" in small cylinders up to 9" bore ; beyond that 
size an approximate formula is i = thickness of walls in inches = '75 

+ — , where D = bore of cylinder in inches ; this formula gives the 

thickness rather high for small cylinders. The thickness of the 
cylinder covers has also been determined by practice and depends on 
the steam pressure and also on the construction of the cover, 
whether strengthened by ribs for the larger cylinders or plain 
for the smaller ones. The thickness of the cover at the bolt circle 
is often made a little less than that of the cylinder flange ; 
the thickness of the flange being about 1*25 times the thickness 
of the cylinder walls. The bolts for holding the cover on must 
be spaced according to the load on the cover, the strain on the bolts 
being about 2 tons per square inch of section at bottom of thread; 
(see table 161, page 411, which gives the areas at bottom of thread 
of the usual sizes of bolts), but it should be remembered that bolts 
smaller than f' diameter may be overstrained by tightening up with 
an ordinary spanner and seriously injured before any pressure or 
working stress comes upon them. 

The bosses on the ends of the cylinder for attachment of the In- 
dicator cocks are tapped with f " Whitworth thread, and fitted with 
screw plugs often made of iron, but if not occasionally removed are 
apt to rust in and must be drilled out ; they should therefore be of 
brass. The steam ports should be sufficiently large to admit the 
steam at a maximum velocity of 100 feet per second ; as in some valve 
gears the port is not opened to its full width to steam, care should be 
taken in calculating the speed of the entering steam to reckon only 
for the opening of the port to steam up to the edge of the valve. 
If the steam is cut off early when the engine is running on full load 
it is obvious that the ports need not be so large as for the later cut 
off, as the piston speed is naturally less near the beginning than 
towards the middle of the stroke. 

The length of the port, i.e, the dimension measured at right angles 
to the length of the cylinder, depends on the design of the cylinder, 
and this being determined, the other dimension is readily calculated 
from the area. 

In cylinder construction it is important to arrange bosses for 
connection of all pipes required, and specially to arrange for 
efficient means of draining and lubricating the cylinder barrel, for 
admitting steam to the jacket and draining the same in an efficient 
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ntaiuier. Other important pointa are the means foi ne»tly cloUuiig 
the cylinder with Eome non-conducting mediuui. 

It nukj be again mentioned here that in order to save multiplica- 
tiona of patterns, the cylinder as well as other parts of engines should 
be designed symmetrically about their centre lines, so that a cylinder 
by being tnraed end for end may be used for either a right or a left 
hand engine. 

Clearance space in Steam Engine Cylindera. — A small 
distance between the piston at each end of the stroke and the 
cylinder coYeiB ia neces- 
sary in order to prevent 
the piston from coming 
into contact with the 
covers. This space, called 
"clearance," should be as 
small as possible, but 
cannot be reduced beyond 
a certain limit, as the 
length of the connecting 
rod alten by wear and ad- 
justment ; therefore the 

clearance is seldom less ^- ***■ 

than ^" in small engines and somewhat more in larger engines. In 
calculating the amount of steam used in an engine this space baa to 
be added to the volume swept by the piston in its stroke ; in addition 
to the clearance space at the end of the stroke, there are the steam 
pass^es, and if a double slide valve gear, the hollow part of the main 
valve to be taken in. Fig. 344 shows the clearance space and steam 
passage shaded at the left band end of the cylinder. In this case it 
amounts to 450 cubic inches, the volume swept by the piston equals 

7320 cubic inches  — = 6"1 per cent., so the clearance space 

7320 ^ ' *^ 

amounts to 6'1 per cent, of the volume of the stroke. Table 33 
shows the clearance spaces for ditferent varieties of ports. 
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Feet for Cylinders. 





Trrr 



Fig. 349. Fig. 850. 

Table 34— Dimensions of Cylinder Feet (Figs. 348--350}. 



Engines. 




NoTK.— All Dimensions are in Inches. 
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The expansion of the metal of the 
cylinder due to the difference in tempera- 
ture between the cylinder at atmospheric 
and working heat has occasionally been 
allowed for by arranging the cylinder foot 
on a sliding bed, as in fig. 351. The 
difference in length is given in Table 35. 
It will be seen that the amount is small, 
and usually no allowance need be made for it. 

Table 35. 




Fig. 351. 
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Steam Jackets. 



The use of steam jackets is now almost universally adopted in all 
bat very small cheap engines. A well arranged steam jacket tends 
to keep the steam diy in the cylinder, and slightly reduces the 



amonnt of steam need per horse power. In some cases the cylinder 
and jacket are in one casting, but usually the working barrel or liner 
is separate from the cylinder body, and forced steam t^ht into it by 
a hydraulic press. The liner can be made of harder iron than would 
be safe, if the whole were in 
one casting. Figs. 362, 363 ahow 
methods of rendering the joint 
between liner and body tight by 
means of packing. In fig. 353, the 
packing consists of a copper ring 
caulked in, hut for small work this 
is quite unnecessary. A good fit is 
not difficult to obtain, and when the 
linet is either shrunk in by warming 
the body, or forced in cold by the 
hydraulic press, a leak b of very 
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Attachment of Cylinders to Oirder riames. 






STEAM vsnnm ctlisdbrs. 




Figa. 361 to 369 show different ways of bolting oylindere on to 
giidet frames. Pigs. 362, 363, 369 show the simplest and perhaps beat 
way i in fig, 362 the small cover can be removed withont diatarbing 
any other part, but in fig. 363 the girder and cylinder must be pnrted 
in order to take the cover off, and is therefore not so convenient as 
figs. 362 and 369. In figs. 364, 366, the girder makes a steam joint 
with the cylinder ; not a good arrangement. 
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Back OylindsT Covera, vitli and without Tail Bod Ouides. 




CYLINDER COVERS. 
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Fig. 373 shows a chambered cover cast in one piece ; fig. 374 a 
plain back cover. Fig. 375 a simple tail rod guide formed by a 
stuffing box and gland in back cover and protected by a covering of 
iron pipe, a very neat arrangement and one that is much used ; 
fig. 376, the guide for the tail rod, is the same as in the last figure ; 
the rod is protected by a pair of guard rails, an arrangement which 
is neither so neat nor good as the tube in fig. 375. In figs. 377, 376 
the tail rod guide is more elaborate, being guided by a planed bar 
and slipper, a more expensive arrangement than those of figs. 375, 
376, but more suitable for large engines. Figs. 379, 380 show 
further methods of guiding the tail rod. 




]f Pig. 379. 




880. 



I 2 



DBTAIl^ OF 6TEAH ENGISE8, 



i ■«* 



CYLINDER COVKRK. 



ri7 



r 



00 



00 
CO 



»4 

> 

o 
O 

.9 
o 

o 
08 

n 



(4 
.3 

OB 

d 

J 



CO 

e:5 



Cover casing. 


$k 








1 










CO 


^ 


9 




1 


• 
ctao 


«o|» 


««N» 


«Ni 


Ht 


•-< • 


«k 






1 


i 


«IS 


-H2 


«l» 


«*» 


•nS 


HM 




•S 


1 


1 


1 


-Hi 


-H" 


-IS 


HS 


«iS 


-IS 


5 

1 


/- 


1 




1 


wH" 


WN« 


eoN* 


«Ni 


WHU 


H« 


• 


1 




1 


CO 


CO 


CO 


CO 


CO 


•^ 


i/ 


W 


. . 





— — 


00 


I-I 
00 


.Hod 

1— t 

00 


I-I 


I-I 


-Hi 

i-H 


Oi 


■s 


a? 




o 




1 


1 


(M 


-Hi 


eQ|3o 




Wt'JI 


^ 


e 


1 




1 


n|ao 








CO 


CO 




1 

- S* 


1 


1 

1 


■njQO 
CO 

1— 1 


CO . 
«Hi 








1-^ 






CO 
n|ao 


1 

-H« 

CO 

•oioo 


-HfcN 

CO 

• 


1 


C3» 




go 


1-^ 


^ 


1— 


S*0 


«qco 


«Ni 


CO 


# 


«• 


"^ 




- - 


f-< 


1 


•0100 

■a|co 


«|0D 


•okx) 


wN* 


coH* 


I-I 






eoN* 


H» 


1-^ 


1— 1 


i-i 


f-< 


i-i 






vifn 


l-H 




u 


«Ni 


«N< 


HK 


NX 


i-H 


f-< 




-Hi 

1— I 


-H 

1— < 


•o 


CO 

1— 1 




-** 
00 






wNi 

1— I 


00 

00 
rH 


1— 1 
CO 


CO 
CO 


e 


^ 


Sg" 










coHn 


i 


• 

n 


CD 


00 


o 

1— 1 




1-^ 


1— 1 


00 

1-^ 


S 




n 


09 


CO 


o 

04 


04 


00 


CO 


CO 
CO 


§ 





s 


« 


t 


a 


.«« 


d 


S 



-S) 



I 

s 



DETAILS OF STEAM ENGINES. 



Boxen and Glanda for Piston Boda. 

Rg JM Fig S8B 




Fig. SS6. P^. afto. 

Figs, 386, 386 show ordinary simple atufling boxes and glands ; 

figs. 389, 390 glands of old fasliioned type having the disadvantags 

of often corroding up round the outside of the stuffing box where the 

cap goea over. Fig. 391 shows the very ingenious device of Mr. 

Yarrow especially adapted for high speed engines. 

The piston rod has often given trouble in high 

speed engines by getting very hot, the reason being 

that the orosshead guides and cylinder hore are 

seldom in perfect truth with one another, so that 

a severe aide strain is exerted by the rod against 

: the gland. In Mr. Yarrow's gland this is oh- 

_ viated by introducing looae collars B,B, between 
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the packing and the gland Q ; these coU&ra are a good fit on the rod 

but &ee from toachii^ the aides of the stuffing box ; the gland 

U bored larger than the rod B, but is turned a good fit in the stuffing 

box. It will be seen in this 

srrongement if the rod R 

is guided by the crosshead 

sightly out of truth with 

the cylinder bore, the 

loose collaia wiU allow it 

to move in its own path 

freely, the elasticity of the 

packing allowing of this, 

and that no severe strain 

can come upon the gland 

causing the rod to heat. 

Fig. 392 shows a gland 
and packing made by the 

United States Metallic Fig. sM. 

Packing Co., Ltd., of Bradford. 

Slide Talve OhestB and CoTers. 

Slide valve chests and their cover 
are made of cast iron ; for calculating' ■, 
the strength of the cover and che.'.t ^ 
walls, they are conwdered as platen 
held fast round the edges (figs. 393, 
394). ^- 

Thickness of walls, a = 'SI. y'?'' 

Stress k = 0-25 -^'- = for cast ii 
6400 lbs. per square inch. plga. BM ud S94. 

F = press in lbs. per square inch. 
h = breadth of walla. 
I = length. 
Example,— An engine with ISj' diametei of piston 27J' i 
88:2 lbs. ;[a«BSure of steam. 
(1.) For the valve chest waHs, 

i = 22' ! 6 ™ 11' ; t = 6400 lbs. per square inch. 

'-■»"«« VSH -■»''"»'"*'• 
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(2.) For the valve chest cover, 

I ^26'' ; h =^16" ; k = 6400 l bs, per square inch. 

d = -5 X 25 /y/j 



88-2 X 16 ii/y . r 

r-r;r^T — — = l^^ inches. 
6400 X 25 " 



This l^'^ would be the necessary thickness if the cover wei-e a plain 
flat plate without stiitening ribs, but as ribs are generally used, except 
in the case of very small covers, the thickness may be reduced in 
proportion to the depth and number of ribs. In small engines the 
valve chest is cast in one with the cylinder, but with very large 
engines it is often cast separate and bolted on. 

Valve Chest Covers. 

Valve chests have either internal 
flanges as iigs. 395 and 402, or 
external flanges as flgs. 396 to 401 ; 
the stiifening ribs are usually on 
the outside as figs. 396, 402. 

The design shown in fig. 402, 
where the valve chest is finished 
off with a bold curve, is one that 
has been largely used on portable 
engines, and gives an excee^ngly 
neat appearance ; but it is not .easy 
to clothe a valve chest^with lagging 
when the comers are round, as 
when the comers are square and 
a small external flange cast on the 
chest to receive the lagging screws. 
Figs. 895— 898. The cover when ribbed as in fig. 

402, is often filled up with non-conducting material and neatly 

covered over with sheet iron or steel. 




^IJjMj^JMMUJf^ff^ 






Fig. 402. 



Figs, 899—401, 
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Table 40.~Dimen«ioiui of Tolve Cbeata of Single Slide 
Talvei {FigB. 403, 404). 
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Figs. 405, 406 show two 
coDstruction .with raised port fac«. 



Fig. 106. 
of a slide valve chest of ordinary 
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Table 42.— Dimensions of Valve Chests for Rider's Slide 

Valves (Figs. 411, 412). 
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All Dimensions are given in Inches. 




rLT-WHEELS. 



Tly-wtMolM. 



The Sy-wheel of an engine may be looked upon a« a speed regn- 
lator, especially for reducing thoae irregularities which occur in the 
engine itself when passing the centres ; the fly also serves to soften 
down the irregularitieB proceeding from external cattses, such as 
sudden variations in the load, and thus assists the governor, wbow 
special duty is to control the speed of the engine when under a vary- 
ing load. 





Fig. lis. 



Flg.4 



The above figs, show eiamplea of fly-wheels : fig. 414 is the most 
usual method of malting a fly-wheel in balvea; fig. 416 shows a built- 
up wheel with wrought-iron arms, figa. 420 and 431, on page 126 
ahow respeetirely the section of rim and boss of such a wheeL 
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Various rules can be given for the weight of fly-wheels, but it 
should always be remembered that where very steady running 
is required the fly-wheel should be heavier than most formulae give, 
especially if the engine is used, as is often the case, with electric 
lighting to drive one machine direct ; this is perhaps the severest 
test of steady running that can be given. Where a number of 
machines are driven from an engine by means of shafting, steady 
running is . not nearly so difficult of attainment, on account of the 
steadying power of the shafting pulleys, belting, &c. 

Engines working with a high rate of expansion require heavy fly- 
wheels on account of the internal irregularities being greater than 
when steam is admitted for more than half the stroke. 





Figs. 417, 



418, 





422. 



Pigs. 423, 424, 



425, 



426, 



427. 






Figs. 428, 



429, 



430, 



431. 



Sections of rims, arms, and bosses of fly-wheels, figs. 417, 418, 419, 
are ordinary sections of rims and arms ; fig. 430, an ordinary fly-wheel 
boss in halves ; other figs, show special examples. 
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Let N = the effective horse power of the engine. 

n = the number of revs, per minute. 

r = the crank radius in inches. 

I = the length of the connecting rod in inches. 

/*• 

- = the ratio of crank radius to length of connecting rod. 

c 

G = the weight of the fly-wheel rim in lbs. 

It = the mean radius of the fly-wheel rim in feet. 

V = the mean speed of the rim in feet per second. 

1 V max. — V min. .1 j. a. r • i -i. 

~ = = the extent of irregularity. 

o V 

d = regularity. 

Values of d — 

For ordinary steam engines d = 40 to 60. 

For engines driving spinning machinery U ^ gO to 100 

or for electric lighting, 
For a single cylinder engine, 



\ 



v*n lOOtN 

The coefficient i ia dependent on the rate of expansion and may be 

taken from the table where the values of i are given for -y- = j^ to ^ 

and the clearance space s = from 2 to 7 per cent, of the stroke, and 

p = absolute initial pressure, w = absolute pressure of release, then 
p 
= total expansion, and h = the cut off. 

Table 43. — ^Values of t. 
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1 
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3 


4 
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1 


•5 

1610 


•33. 


•25 


•20 


•15 


•10 


•08 


•06 


m 


1265 


1840 


2070 


2185 


2300 


2415 


2530 


2645 



Example. — ^For an engine with piston 15}''' diameter, 27^" stroke, 
8.5 revolutions per minute, 65 effective HP, ~ = 1, R = 5' 3" 



V = 



85 X 27r X 5^25 



60 
G = 100 X 2185 



= 46'5 feet per second ; /t = •n, 5 = 50. 



^^ ^-^i- = 3270 lbs. 
(46.5)« X 85 
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DETAILS OF STEAM ENGINES. 



The total weight of the fily- wheel, including the arms and boes, is 
about 1 '35 times that of the rim. 

For double -cylinder or compound engines, the weight of the 
wheel may be somewhat less if the cranks are at right angles. 

G = 30 i where N = the total eflfective HP of the engine and 

v^ n 

the value of b for such engines being rather greater than 70. 

Let Ga = the weight in lbs. of a segment whose length is Z, then 

C = ^ = the centrifugal force. 

The piece l, fig. 432, may be taken as a beam with an equally dis- 
tributed load and fixed at the two ends ; the centrifugal force acting 
outwards will then be the sum of these equal loads. In order to 

A 





<|:'nr=-:=| 



Fig. 483. 

increase the strength of the joint in the rim when the fly-wheels are 
mdde in halves a wrought iron ring, a, fig. 433, is shrunk on over 
lugs cast on the rim ; (the joint in fig. 433 is of unusual construction, 
see those shown in figs. 438, 440). The stress S^ on the rim in lbs. 
per square inch of section may be calculated by the formula, 
Si = '144 v^y where v is in feet per second ; this includes the bending 
strain on the arms. The total stress on the cross section, c—d^ fig. 433, 
is / X Si, where / is the cross section in square inches. If g is the 
cross section of the two rings taken together and q^ the cross section 
of the bolts or dowells according to which plan of construction is 



adopted, then the stress in rings and bolts is S = 



_ /Sx 



« + 3^i 



The arms are exposed to a tearing stress from the centrifugal force, 
and to a bending stress from the variations of the force communicated 
to the wheel ; the stress may be for cast iron, 1300 lbs. per square 
inch, for wrought iron, 5000 lbs. per square inch. 

The maximum safe velocity for the periphery of a cast iron fly- 
wheel is usually taken as 80 feet per second, and care must be taken 
that when the fly-wheel is in halves, that the joints are sufficiently 
strong to resist bursting, and if not made in halves the boss should 
be split to allow of contraction in cooling, a hoop being shrunk 
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on after the wheel ia - W--.i2 — -. - 

cool.* 

Fly-wheela are often 
used as pulleya for 
drivinsj mnchinery by 
lueuiis of belts ; the lim 
ia then turned slightly 
arched, or if ropes are 
used, the rim ia grooved, 

aa ahown in fig. 434. Fig. 434. 

Table 44. — Dimeiudons of Oroovea for Hope PuIIstb (Fig. 434). 
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Tablb 45. — Dinidnaioiw and Farticuliin of Bope Drivea. 



Circumference of ii)\ies . 
Diameter of ropes . , . 


2| 1 3 ' 3i 


4i 


5i 6 1 61 


i i 1 


u 


H : If ! 2 


Weight in lbs. per foot, Hemp 
„ „ „ Cotton 


■37 -46 Be 


■66 


l-00,l-37|l-62 


■27 ! -30 ! -39 


■59 


■87 l-17|l^50 


fDiameter of smallest pulley . 
Pitch of grooves , 


18 j 24 , 30 


36 


46 60 


66. 


If 1 H 1 H 


2 


2il2i 


3 


Indicated HP transmitted hy \ 
one rope for the above ( 
pulleys ut 100 revolutions | 
per minute ) 




2 ! 3 ' 5 ! 12 , 20 1 28 I 3S 


For ropes running vartical or niatly lo. 

l]2'4J8ll4|20'26 









»p«d in tbis cue b.ing .bout 70 


r"dl.n,.t«of.mallMtr..lleyrit 





DBTAIl^ OP STEAM ENGIHEB. 




PLY-WHEELS, 



181 





• 

« 

1 


;» 

*» 


1 


1 
1 


CO 


l-H 


4 1| 10 1 


rH 

91 

O 


91 

CO 




04 

X 




^5 






tl 


1 


i 


8 


o 
99 

l-H 


i-T 


8 


w'' 


8 


g 

00 
CO-* 


O^ 


• 


•raiajo 
JO ai^uao 


r4 


5 


GO 

to 




CO 


l-H 
f-H 


f-H 


rH 


rH 


X 




1 

1 






1 


. __ 






l-H 


1— 1 


•doo 

rH 

-Hi 

l-H 


l-H 

r* 

r-i 
CO 

rH 

(N 

rH 


91 

X 

l-H 

94 
91 

C9H* " 

pH 

CO 

?? 


»0 


- 


l-H 

09 


pH 


^ 


CO 

CO 

pH 

«»» 

l-H 


J? 

rH 




1 

CO 

1 


1> 


o 

l-H 


l-H 


rH 
rH 


l-H 


l-H 


^ 
^ 


CO 




Oi 


^ 


rH 
l-H 


l-H 


^4* 


CO 


3f 

cc|do 




i 


l-H 




a 


f 


1 


•«» 


(M 


l-H 




^ 


X 


rfS 


1— ( 






1 




CO 


Hw 


«IS 


"IS 


-4* 


-B 


«*» 


9$X> 




V 


n|ao 


eo^X) 


e>:tx> 


CC|30 




ec|ao 


r4N 


Hw 


e2 


e 


(N 




^ 






X 




CO 


o 

CO 


"^ 


lO 




CO 




00 


o 

l-H 


l-H 
l-H 


l-H 

CO 

1-^ 


00 


i 


91 
91 

91 




•Q 


g 


00 


CO 


CO 

rH 


1^ 




• 

e 


• 

(4 


CO 
(M 


00 
CO 


o 

l-H 


l-H 


l-H 


CO 
rH 


00 


o 


91 

91 




§ 


(M 


^ 


CO 


^ 


S 


3 



i 



s 



§ 

I 

p 



K 2 



DKTAILS Of STfiAM EKGIKG8. 

An American practice for fly- 
nheek ia to bote out the boea 
exactly to the size of the shaft, and 
then machine or slot out a clear- 
ance, OS shown to the left of the 
figure 441, two keys being fitted 
and driven home. The wheel ia 
thus puUed hard over on to the true 
part of the origiual boT& 

41. 

Throttle ValTeB. 



P1«.M2. 

Table 47.— Dimensions of Throttle Valves. 
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SECTION III. 

GOVEBKOBS. 

Steam-engine governors have been greatly elaborated since the 
time of James Watt's simple conical pendulum govemor, and new 
varieties have been introduced. Governors may be roughly divided 
into two main types, those in which some form of revolving 
pendulum is the basis, and those in which the centrifugal force of 
weights carried on levers is balanced against a spring ; the former 
with a few exceptions revolve on vertical spindles, the latter are 
usually keyed direct on the engine crank shaft, and are sometimes 
called " crank shaft " governors. These latter also act directly, in 
some cases, on the valve eccentric and govern the engine by altering 
the degree of expansion ; the former at the present time are seldom 
used to control the engine by means of a throttle valve, as in the 
earliest engines, but are connected indirectly to the valve gear and 
control the engine by altering the degree of expansion. There are 
further sub-divisions into which governors may be divided, such as 
static, pseudo* astatic, and astatic. 

The simple ball governor of Watt is an example ot the static 
governor, and each different speed of revolution corresponds to a 
definite position of the balls. Astatic governors are too sensitive to be 
of any use unless indirectly connected with the controlling mechanism, 
the slightest increase of speed of revolution causing the balls to fly 
out to their fullest limit ; they have, however, been used, when con- 
nected to the controlling mechanism, through the medium of three 
bevel wheels and a clutch (fig. 465). 

Pseudo-astatic governors approach nearer to the static governors 
and are much used ; the cross-armed governor of Mr. J. Head (fig. 
445) is an example in this kind, and any degree of sensitiveness can 
be attained by suitable proportions of the arms. When these pen- 
dulum governors are combined with a sliding weight as in Porter's 
governor (fig. 452), they are then called loaded governors, and are 
better adapted, to control an engine than the simple governor of 
Watt. 
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GOVERNORS. 



Outlines of Different Types of Governors. 



Fig. 443. 





Watt. Porter. Kley. Proell. Hartung. 



Fig. 444. 





CosinuR. Buss. Ericsson. Gopel. Ottos. Gasmot. Girard. 






Fig. 445. 
Cross-armed. 



Fig. 446. 
Hartnell. 



Fig. 447. 
Turner— Hartnell. 




Fig. 448. 
Hartnell. 



Figs. 443 — 445 show varieties of loaded and unloaded ball 
governors without springs ; fig. 446, one of Hartneirs loaded centri- 
fugal governors (with spring) oa a vertical spindle ; figs. 447, 448 two 
examples of crank-shaft governors. 



OUTLINES OF DIFFERENT QOTERNORS 






1. FlgB. «S— <67. 

Loadtd PeiulDlum Type*. 



Fig. M9.— W»t(. 
Fif. 450.— Tangye. 



Fig. «6.— Crosmrai. 

luded. 
Pig. ««.— CiHliie. 
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The formulse given below serve to show the action of pendulum 
governors and to calculate the proportions for any given normal 
speed. 

Let P = the weight in lbs. of one ball plus one half the weight of 
the rod to which it is attached. 
Q = the weight in lbs. of the sliding weight plus half the 

weight of the rod. 
R = the resistance offered by the throttle valve or expansion 
gear actuated by the governor together with the resist- 
ance of the governor itself. 
Wi, n, n^i, = the greatest, normal and least number of revolu- 
tions per minute of the governor. 
j3i, Pf 011, = the greatest, normal and least angle between the 
rods and the spindle. 

-- = the irregularity of the fly-wheel speed. 

Oq 

^ = ^1 ~ ^11 the irregularity of the speed of the engine and 
o n 

consequently also of the governor ; ~ = about '9 -^ . 

S = the distance in inches which the sliding weight moves up 
and down. 

An ordinary approximate formula for calculating the height of 
cone of revolving pendulum governor for any number of revolutions 

per minute N, is ; N = . and L= ( -^ * ) where L = height 

of cone in inches measured from plane of rotation of the centre of the 
balls to the point where the centre lines of the arms carrying the 
balls cross on the centre line of spindle. Fo» a loaded governor the 
height of the cone is increased for a given speed in the ratio 
2P + 2Q : 2P ; where P = weight of one ball and half the arm in 
lbs., and Q the load or sliding weight and half arm in lbs. 

d = diameter in inches of the balls. For the normal speed n, It is 
taken to equal in the equations. 

Watt's governor, fig. 458. 

2936 /, . Q6\. 1 _ R6 
acos./3 V Pa/' d Pa + Q6' 

Dimensions in feet ; the constant 2936, in from — — ^ where 

g = 32-2, 



n« = 



OUTLINES OF DIFFERENT GOVBRNORfl. 



The following propottionB will be found to give ^ood resalts — 
i = to 4, - = -6, S = -136, (3 = 25», J = -03. 
For Porter's goTemor, fig. 459. 



 P + y 



XB. j3 + ecut.|9' 
-, dimensions in feet. 



Table 48 gives the leading dimensions for a few examples of 
Porter's governor. 
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Kley's governor {aatatic), fig. 460. 

„, 2 936 /, , Q6 \ 

" CI COS. ^ - e cot. $ \ Pa -' 

■■_= R6 
"a P« + Q& 

Proell's governor (paeudo-aststic), fig. 461, 

- 1 + 9 tJ ^_±^ X -^ X ^' "-y 



- P-i- >< --tM- + Q + 2 P 




Table 4?. — Leading Dimensiom of Kley's Governor 

{Fig. 460). 
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OUTLINES OF DIFFERENT OOVERNORfl. 



Tablb 50.— Leading Dimenaiotu of Fro«U'a <3ov«mor 
(Fig. 461). 
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ng. 464. Fig. *e5. 

Figs. 462—465 give examples of cw9s-anned goveraorB on stands 
with clutch and bevel-wheel gear. 



Fig. Mfl, Fig. 18T, Fig. «B. 

Figa. 466 — 468 gire cxamplea of governors made by the Laucham- 
mer Iron Works fitteil with an oil-btake or daah-pot, with a table of 
dimensions. 



OtTLllTBS OF DlFPBEENf OOVERNORa. 



Table SI. — Leading Bunenaious of the lAuchunmer 
aovemore (FiRS. 466—468). 
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iU DimsuLDDi u« given In iDiShct. 

Fig. 466 is especially adapted for horizontal engines; fig. 467 t 
vertical engines ; fig. 468 a heavy type with a spring enclosed in 
case in place of the sliding weight. 



Pig. «9. Fig. 472. Fig. 470. Hg. 471. 

To prevent sudden and violent fluctuations of the governor an oil- 
brake or " dash-pot " is often added ; examples of dash-pots applied to 
(governors are shown in Figs. 469 — 471. The cylinder of the dash-pot, 
fig. 469, is jointed to the fcame ot stand of tlie governor, by the pin i 
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The cjilinder is filled with oil or glycerine, and as the piston is moved 
up or down, the oil passes from the upper to the lower side of the 
piston by a passage shown at the side of the cylinder ; this passage 
can be more or less throttled by the screw S, so as to give more or 
less r s Stan e to the movement of the piston, and thus " damp " the 
tendency to violent fluctuations iu the governor. The screw S can 
be adjused whilst the engine ia tunning. Fig. 471 shows a com- 
1 a on f daah-pot with an elastic connection between the governor 
I e a d { ston rod of dash-pot, a spiral spring being inserted aa 
shown at //, fi^. 471. This elastic connection asMsts the damping 
a t on of the dash-pot and shonld be conducive to very steady 
runn n^ In some cases the dash-pot is incorporated with the 
t,ovemor and enclosed in a neat case. 

Automatic Kxpatuiou Oovemor bj Wilson Hortnell 

(Fig. 473). 

Tliis governor is driven by 
bevel wheels and pulleys from 
the crank shaft of the engine, 
and consists essentially of a 
vertical spindle, S, carrying a 
c-isting, C ; two weights, W 
W, on bell-crank levers, L L, 
aie jointed on to C, by means 
of pins, f P ; the inner ends 
of the levers are in contact 
with the sleeve M, against 
which the spiiiig H presses ; 
the lower ]mrt of the sleeve 
M is connected by means of 
a ring and rods, to the valve 
rod V ; when the deeve M 
I rises, the block in the link Q 

is raised, and thus a varying 
stroke is given to the valve, 
the link Q being moved hy 
an eccentric The centrifugal 
force of the weights W W, 
througli the medium of the 
levers L L, tends to com- 
Pig-iTS. press the spring H, Tie 
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motion of the diffeient parts ie clearly shown in the fig. by the dotted 

This governor is much used for controlling the speed of enginei, 
by varying the cut-off, and is usually applied to valve gears with two 
valves, the main valve driven by on eccentric in the usual wayj the 
cut-off by a separate eccentric Uirougb the medium of the link on 
the govemor by wbicb tbe cut-off is varied. 

Drank Slmft OoTemon. 



Figs. 474, 475, show two views of a Hartnell crank-shaft govemor 
fur controlling tbe speed of an engine by varying tbe cut-off. In tbe 
above figures the govemor is shown in a six-armed wheel or pulley ; 
in some cases the govemor ia carried in the fly-wbeel itself. Two 
weights, W Vf, are carried on two levers, A A, turning on pins in 
the arms of the wheel ; the two levers are connected together by the 
lod B by means of joints and pins, and when the weighta move out- 
wards by centrifugal force they tend to compress the spring H. The 
upper lever, fig, 474, is rigidly flied to its centre pin, and this pin 
carries the arm B, terminating at the lower end in the sector S, so 
that when the weight W moves outwards or inwards the sector S 
moves to the right or left. The sector is formed as shown in the 
cross section, fig. 475, and engages in tbe swivel block D. Tbe block 
D is free to turn in a recess formed to receive it, in the arm of the 
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eccentric E, this arm being centred on the pin Q. On referring to 
fig. 474 it will be seen that the sector S is not concentric with the 
centre P, upon which it swings, but its centre lies to the right hand 
of the centre P, so that the sector is inclined, the right hand end 
being the lower. Now as the sector swings on centre P towards the 
left, and in sliding through the block D pushes the eccentric arm E 
downwards, and as the eccentric itself is attached to the arm E, its 
centre will approach towards the centre of the crank-shaft, and thus 
the stroke of the eccentric will be reduced and the steam cut off 
earlier. In the figure the line in which the centre of the eccentric 
approaches the centre of the shaft is radial, and the governor is for 
application to a separate cut-off valve of the gridiron type working 
on the balk of the main valve. For engines with only a single 
valve, the line in which the centre of the eccentric approaches the 
centre of the crank-shaft is not radial but parallel to radial line 
such as that in the figure, but at a distance equal to the lap and lead 
from the crank-shaft centre. It will be seen that one important 
feature in these crank-shaft governors, is that they are keyed fast on 
the shaft, and not being driven by means of belts or gear, can lead 
to no accident from belt slipping or gears breaking ; and if the spring 
should break, the weights would fiy out to their extreme limits and 
diminish the supply of steam to nothing, so the engine would slow 
down until nearly stopped. These governors are extremely sensitive 
and weU adapted for high speeds : with very slow running-engines 
they become rather heavy. For calculating the springs the- follow- 
ing simple formula is used : — 

W = weight in lbs. of one of the weights. 

N = normal speed in revolutions per minute. 

N 1 = minimum speed in revolutions per minute. 

Ng = maximum speed in revolutions per minute. 

Ng — Nj = allowed variation, upon the limit of this variation the 
sensitiveness of the governor largely depends ; about 3 per 
cent, under and 4 per cent, over the normal speed gives 
good results, and the usual variations in load of an engine 
in ordinary working conditions will not give nearly as much 
variation in speed. 

Rj = the radius in inches from centre of shaft to centre of weight 
when the latter is nearest to the centre of the shaft and 
corresponds to the speed of N^. 

R, = the corresponding radius to the speed of N,. 
L = the length in inches of the lever carrying the weight. 
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{ = the length in inches of the lever to which the apriog rod B 

is attached. 
r = the distance through which the Bptiug ig compressed by the 
action of the governor. 
P^ = the load on the spring in lb». due to the centrifugal force 

at the minimum speed. 
Pj = the corresponding load in lbs. dne to the maximum speed. 
The P, - P, will equal the difference of maximum and minimum 
loads and / ^'-^_-' ) 3 will equal the load in lbs, pet inch of com- 
pression of the Bpiing aa the two weights act higether on the 
spring. 

p = W X R, X N ,' xjj X -000028 

p ^ W X E, X N,' X L X -000028 

Spring-makers seem !« be very successful in making springs accuTat« 
enough for such purposes as centrifugal governors from such data as 
stiffness per inch required, maximum load to which the spring will 
be subjected, external diameter and length when uncompressed. 



A modilicalion of Uartnetl's crank shaft governor, has been intro- 
duced hf Messrs. Turner, of Ipswich, shown in dii^j^am in fig. 476, 
and in perspective in figs. 477, 478. 
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Befening to fig. 476, two weighta, W W, are fonued with turned 
boBjcs, D D, fitted to and free to turn in holes in the plates or diacs 
whidi torm the govemor body, and which are keyed on the crank 
shaft, U, the weights thus turning with the shaft and discs, and 
having their eentrifngal force balanced by the springs, S S ; the weights 
are connected by the eccentric, E (shown in dotted lines), by means of 
the pins, P P ; the weights are shown in fig. 476, closed in full lines, 
and open in dotted lines. It will be seen that hy the weights open- 



ing outwards, the pins, P P, move towards the left, and carry the 
eccentric with them, the centre of the eccentric moving from V to V, 
the stroke being thereby reduced, the result being nearly the same sa 
in the Hartnell governor, and the action on the valve almost a« if the 
variation in the cut-off were effected by an ordinary Stephenson Unk 
motion. 

In fig. 477, the outside view of the Turner- Hartnell governor 
is shown with the eccentric rod attached ; in fig. 478, one side disc is 
removed, and the weights shown open. 

The reference letters are, A, the engine crank shaft ; B, the valve 
.eceeutric rod ; C, the eccentric ; D D, pins carrying the eccentric, 
and passing through the bosses of the weights ; H H, the weights ; 
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P, bolta with coHaw anrl mite, forming stanchlona or pillars for hold- 
ing tlie discs together. 



Fig. 178. 

Another variety of cranlc shaft govemor, is tliat of Mr. Moore, 
made by Messrs. Marshal), of Gainsborough. Figs. 479—482, show 
fie different parts, and the governor consists of a heavy loose rim, A, 
attache! to the shaft through an elastic arraagemeot of links carrying 
the weights ; C C, are the weights turning on centres attached to the 
rim ; D D, the springs i B B, links connected at one end to the 
weights and at the other to the points, H H, on the tripod Q, fig, 
482 ; the arm of the eccentric, E, fig. 481, is centred on the single 
end of G, fig, 482, at I ; the link F connects the eccentric E to the 
rim A. 

The rim A revolves with the sliaft, but is capable of running 
round the ebait to a small extent, defined by the limit of extension 
and contraction of the link centres, that is, by the extent to which the 
■weights will open out, which can be regulated by stops on the back 
of the weights. 

In connection with the loose rim ia a variable expansion eccentric 
shifting with the rim and increasing or decreasing the stroke of the 
eccentric and valve, and Ihua varying ihe cut-off. Tlie action of this 
governor is peculiar, and may be explained as follows: — The inertia 
of the rim assists the weights to rise ; the momentum of the rim, by 
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straigliteiiing out the link and weight when the speed of the shaft 
diminishes, assists the weights to falL 

When the governor ia expanding (rising), with an increasing speed, 
the sh^ft acts against the rim, through the link and weight, as shown 
by the arrow. When the governor is closing (falling) with a 
diminishing speed, the rim acts against it, tending to pull it forward, 
straightening out the link and weight. The weights are maintained 
in a larger plane of revolution, so to speak, than that due to centri- 
fugal force, by the governor acting against the inertia of the rim 
when rising, i.e., speed increasing. The weights are maintained in a 
smaller plane of revolution than that due to centrifugal force by the 
momentum of the rim acting against the governor, tending to pull 
it forward when closing, i.e., speed decreasing. 

The governor has a tendency to go too far both ways, either up or 
down, whenever there is the slightest variation above or below the 
normal speed, this tendency is checked by the work done by the 
governor in shifting the eccentric and valve. From the assistance 
given to the action of the governor weights by the rim, this governor 
is extremely sensitive. 



SECTION IV. 

VALVE GEABS. 

Indicator Diagrams. 

In order to follow the effect of the different distribution of steam 
effected by different valve gears, it is necessary to understand the in- 
dicator diagram. By the term "indicator diagram" is to be under- 
stood the graphic representation of the varying pressure of the steam 
on the engine piston at all positions of the crank. The steam engine 
" Indicator " invented by James Watt is the instrument by which 
the diagrams are automatically drawn. A brief description of indica- 
tors will be found on page 368. Figs. 483 — 488 show a few ideal 
forms of diagrams, with the following letters of reference : — 

H = the stroke of the piston. 
h = length of the period during which steam is admitted. If H be 

XT 

taken to equal 1, then-.- = the ratio of expansion. 

h 

p = the initial absolute pressure measured from the line of per- 
fect vacuum, p is usually taken in lbs. per square inch, but 
may sometimes be conveniently taken in atmospheres. 

Pm = the average or mean effective pressure on the piston. 

to = the terminal pressure. 

Po = the back pressure. 
8 = the clearance and steam passage for one end of the cylinder, 
usually taken in cubic inches or feet, and in diagrams figs. 
483 — 488 it is expressed in terms of the piston area, so that 
the line s represents the volume of the clearance space. 

va = the line of perfect vacuum. 

at = the atmospheric line. 

ve = the portion of the stroke from the point where the exhaust 
opens to the end of the stroke ; in the diagrams the line ve 
represents the volume of that portion of the stroke alluded 
to. 

oC, diagrams for non-condensing engines. 

mC, diagrams for condensing engines. 

Figs. 483, 484, show the diagram for an engine with steam admitted 
for the whole stroke and in which the average pressure throughout 
the whole stroke is equal to the initial pressure — the back pressure 




Fitta. *i3, tSi, 48T, Figs. 484, 4Se, 4^ 

and Ihe diai,'ram ia a rectangle ; such a cafe eelilom if ever occurs 
in practice. The figures 4B0, 4P6 show imeginarj diagrams 
with Bt«am cut off at '2 of Ihe Birokc ; figures 487, 466, rfiow 
diogiamB of a more or hee perfect fonu, wilh steam cut off at '3 of 
the stroke aad the comers runnded off ue they always c«nie in 
practice from compression as at o and early opening of the exhaust 

The curve formeil in these diagrams by the eipansion of steam is 
approximately a Tectaiigular hyperhola, and knowing the initial 
aWilute pieseuie and the point of cut off, the mean preesure can be 
calculated by the formula : — 

^.^(  + byp. 1.^.11 ) 

from the value of p„ from this formula the deductions for back 
pressure, &c., must be made. In the formula R = the ratio of ex- 
pansion and in the diagrams is the ratio ^ . The approximate ei- 
ponaitni cutve may be graphically laid down in the following 
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manner, see figs. 489, 490, which is very convenient for comparing 
the actual curve formed by the indicator and that which would be 
formed were the action of the steam unaltered by the condensation 
which always takes place in the cylinder of a steam engine. 






Fig. 489. 



- -H: c-:^-^^ 
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Fig. 490. 




H = the length of the diagram and represents the stroke of the 
piston, and as the cylinder is parallel throughout its length, 
the line H also represents the volume swept by the piston 
in making one complete stroke, 

"k — the period of admission. 

» = the clearance expressed in terms of the piston area, so that z 
in line H represents the volume of the clearance. 

f = the initial absolute pressure in lbs. per square inch laid oif to 
any convenient scale. 

ra = the line of perfect vacuum. 

2)o = the back pressure of the exhaust steam. 
Q _, ti^e length of the compression period or the remainder of the 
stroke left to be completed after the exhaust has closed. 

Complete the rectangle on the lines 2>H, then from point O draw 
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the line o/, and the line i q parallel to the linep ; from the point where 
o/cuts % ^Vlraw I m parallel to H, then m is the terminal point of 
the curve ; the remaining points are found by drawing lines from O to 
points on the upper side of the rectangle^ and the horizontal lines 
from where they cut the line i q, fig. 489. 

Fig. 490 shows the same process for drawing the compression 
curve. 

For obtaining the mean pressure on the piston from a diagram 
thus drawn, it may be either measured by means of a planimeter, or 
by dividing the figure into equal parts by vertical lines and measur- 
ing the sum of the vertical heights of these parts and dividing by 
their number for the average. Further explanation of these diagrams 
and their uses will be found at page 373. The above curve does not 
actually represent the expansion curve, only an approximation ; a 
truer curve may be obtained by Rankine's formula : 

Pressure x (volume)" = constant. 

If the pressure be expressed in lbs. per square inch, and the volumes 
in cubic feet, the constant has a value of 475, when adopting Zeuner's 

modification of Kankine's formula Pressure x (volume) = 475 

The formula is referring to one pound of steam. The volume 
occupied by one pound of steam at different pressures is called the 
specific volume for that pressure. 

The back pressure {p^) of exhaust in lbs. per square inch absolute 
for a speed of about 80 feet per second is given in the table. 



Table 52. 














I 
Terminal pressure, tp = 8*8 11*7 


1 
14-7 17-6 


22029-4 


440158^ 


For non-condensing engine,/)© = — — 

1 


14-7 


15-4 


16*2 17-1 


18-0 


18-5 


1 
For condensing engine, po = ; 3 '23 


3-7 


4-1 


4-4 


4-7 


4-9 


5-3 5-6 



All preasures are given in Iba. per square inch absolute. 



For ordinary w^ork po may be taken as 17 lbs. absolute for non- 
condensing engines, and 3'7 for condensing engines. 
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Classification of Valves and Valve Gears* 

Valves and valve gears may be divided under the following 
heads : 

A. Gears of simple kind, with eccentrics working either ordinary 
slide valves or piston valves. 

B. Trip valve gears with Corliss valves. 

C. Trip or positive motion gears with mushroom valves. 

A. Simple Slide or Piston Valve Gears. 

(a) With one slide or piston valve, rate of expansion Usually 
fixed ; or when combined with a Hartnell governor or link motion, 
the rate of expansion is variable. 

(6) Double slide valve gears, with two separate slide valves ; the 
expansion or cut-off valve working on the back of the main or ex- 
haust valve, including Meyer's valve gear, Rider's, and others also, in 
which the expansion valve is controlled by the governor. In these 
gears both valves are worked by separate eccentrics, with the excep- 
tion of one or two special examples 

B. Trip Valve Gears with Corliss Valves. 

(a) Gears in which the valves, such as Corliss valves, are opened 
positively, and let go at a period determined by the governor, by a 
so-called " trip '' gear^ the closing of the valves being effected by 
springs or dash-pots. The valves are parts of cylinders, and work 
to and fro in bored-out seatings, 

(b) Gears in which the Corliss valves revolve continuously, such as 
those of Si^el and Ehrhardt. ' 

In Corliss valve gears there are usually two steam valves and two 
exhaust valves. The advantages of this system will be referred to 
when treating of Corliss engines, pages 252 et seq. 

0. Gears witli Mushroom Valves. 

(a) Gears with positively driven valves of mushroom form. 

(&) Gears with valves driven through the medium of trip gear, the 
valves being of mushroom form. Examples of these are given, on 
pages 234 et seq. 
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Slide Valves. 

The figures 491 — ^500 show longtitudinal and cross sections of 
simple slide valves^ sach as are used in small steam engines. 



Fig. 498. 




^.^^M^T" 









Fig. 498. 



Fig. 494. 



Fig. 495. " 




" Pig. 490. 



Fig. 497. 




Fig. 498. 



Fig. 499. 




Fig. 600. - -  
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Figs. 501 — 503 show sections of the "Trick" valve, with the 
double opening for ateatn shown hy the arrows ; this is a good form 
of slide valve for quick ninning engines. The width of the port,a = 
2c + d, and the eccentric radius or half stroke, r = « + 2e. 



Figs. 501 and 605, show a main and cut-off slide valve, each 
workedbyaseparateeccentric, andfor a fixed rate of expansion. Only 
one port is shown in the example given at each end of the main 
valve, hut it is generally better to have a number of ports, 4 to 6, or 
even more. They are then termed multiple ported, or " gridiron 
slide valves. 





Figs. 606 and 507 show an example of Meyer's valves for variable " 
expansion, in which the cut-ofF is varied by increasing the distance 
between the outer edges of the cut-off valve. The valve is in two 
parts, one part having a right hand nut, the other a left hand, and a 
corresponding thread cut on the valve spindle, which is capable of 
heing turned round hy a hand wheel, or, in some cases, by being 
actuated by the governor. 
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lu Ridel's valve g«ar, of wtiicti the vulvea are shuwn in figs. 003^— 
fill, the cat-off valve itself correapoiids to the right and left hand 
Bcrew of Meyer's. The rat* of expansion is varied by turning the 
cut-off TalTo on its seat, which is formed by boring out a recess od 




Fig. 51 



Fig. s 



the back of the main valve. Yig. 
Rider valve, and fig. 510, an open 
connected with the governor. 

FigB. 512 and &13 give auother example of dosed Ridei valv 



gives an example of a closed 
; the cut-off valve is usually 
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A modlGcatioit of Rider's valves is shown in Age. &14 — 516, where 
in place of the cut-off valve beii^ cjlindrical it is flat with inclined 
edges, and is moved across the back of the main valve by meaoB of 
a rack and pinion. The figs, are taken from valves by Heinridi 
Lanz of Mannheim, 




An arrangement of valve for a tandem compound portable engine 
by Meflsrs. Garrett, Smith & Co., of Buckau- Magdeburg, is shown in 
fig. 618, the arrows indicating the pass^ie of steam and exhaust. 



The double ported valve, fig. 519, is a form where the two end 

ports of the main valve are Geparate. This is neceaBHry where a 
variation in the cut-off is efi'ected by turning the cut-off valve 
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e centric round on the shaft ; in other word*, by incrensinK the angle 
of adviinue of the cut-otf valve eccentiic. Wlieii ihe variittion ia 
effected by altering the Btioke uf the cuUoff valve ecceutric, the main 
valve may he a hollow caw, with a number of ports at the back, alio 
which ports will be in nae, admitting steam to whichever end of the 
cylinder the main valve allows it to enter. The advantages of having 
a nnmber of pot-tx are, that the cut-off is much mure rapid than with 
only one or two porta, 

A double slide valve arrangement, lig. 520, ha'< a seimrate chamber 
foi' the expansion valve. There are some ailvantages in ihis/and it 



Fig, 520. Ftg. Ml 

has been very iuccessfully used by Messrs. Davey, Paiaian & Co., of 
ColcheBter. 

In order to reduce the stroke of a slide valve, the double ported 
single valve, figs. 53S, S23, was introduced by Messrs. Penn for 
marine en^nes : a equalling the total width of the steam pasiage, 
then the t»diiw of the eccentric, or half stroke, r = -Sa + e. The 
lead and lap are half the amount which would be required for a 
simple valve for the same width of port. The steam enters by the 
passages E E, as well as over the back of the valve. 




Fig. 62S. 

A variety of Fena's valve, by Boraig, is ^own in fige. 624, 525. 
ri.e paeaagea, A A, sre in coiuiei:tion with tlie aide paesages, B D, 
fig. 626. This arrangeineiit allows 
of an expBu^on valve to be used on 
the back of the main valve in the 
usual way. 

Fig. 626 shows the valve of Hick 
for a compound engine, with both 
pistons moving in the same direc- 




In ordet to reduce the length of the ports to a minimum, valvetl 
are often made in two parte, fig. 526. The same effect is produced by 
the long valve, fig. 627, hut is not so good as separating the two ends 
as in fig. 628. In Meyer's and Bider'a valve gears tbey can be arnmged 
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e separate, and the porta 




The attachment of the valve to the valve rod or epindle, is effected 
in verious'waya, and it should always be rememhered that the centre 
line of the rod should he at near the port face aa possible, bo that the 
push and pull may be near to the line of greatest resistance, and thus 
to move the valve as quietly and steadily as possible. 

In oi^er to place the rod close to the port face, the rod is often 
made with a T head, fitting into a recess in the end of valve, 

Fi?. 5SI. Flu. B33. 

I- J"--..,, 
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fig. &33, or a bridle, figs. &3S, 531, is used. Considering the small 
surface given by these T headed rods, it is somewhat surprising how 
long they will last without undue slackness from wear. 



|- ^@K 



Kg. B3i. I 

Sipansion valves are often attached, as shown in fig. 635, by 
means of a block through which the rod passes, and in the case of * 

Meyer's valves, is screwed into the block, or, with other valves for j 

ordinary work, secured by a cottar. 




The great pressure exerted by the steam on slide valves has 
induced many schemes to be brought out to relieve this pressure. 
To construct a perfect " balanced " slide valve, is a point of great 



difficaltj ; many so-culled, balanced vBlTea retDaining bo fnr a veiy 
short time after the engine has been working. A few examples ai« 
ahown in figs. 63S— &41. In if;. 639, the valve is balanced by a ring 



Fig. &B». 

on the back, held up hj light springs against the c 
prevent the pressure of steam from acting oi 




Kg. bid. Fig. Ml. 

Perhaps the beat form of balanced valve is the piston valve, which 
has been successfully used in marine engines with verjr high 
pressuree. Examples of these will he found on pages 232, 223. 

Simple Valv« 0«ars. 

The following reference letters are used throughout the investiga- 
tions of valve gear dii^ams and valves in the next pages 164—204. 

a. The admission or steam port. 

Oq. The exhaust port. 

c. The breadth of the bars between the ports. 

e. The oatside lap. 

t. The inside lap. 

r. The radius of the eccentric, or half the stroke of valve. 
. V. The lead or length of steam port open to steam at beginning of 

Vq. The inner lead on exhaust side. 

The simple valve, worked by an eccentric, is chieSy used 
in small engines with cut off at from '5 to '8 of stroke, much 
better lesnlte being obtained &om valve geora with two valves, 

u Z 
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worked by separate eccentrics. A single valve, however, attached to 
a link motion, has been used as a variable expansion apparatus, as 
well as for reversing. 

Single valves in combination with a Hartnell governor, figs. 474, 
476, page 145, have given good results,* the action on the valve being 
nearly the same in this case as with the link motion. Simple slide 
valves with the reference letters are shown in figs. 542 and 543. 

S'- *, 





Fig. 542. 



ifa 
F 

Fig. 543. 



The proportions for given rate^ of expansion are : — 



For cut off at '5 
e = 2a 
i = -7 a 
r — '^a ■\- e 
I? = '25 a to 0*5 a 



at -7 
« = 'Sa 
t = 'Sa 
T — a ■\- e 
v= -2 a to '3 a. 



at -6 
e = l*3a 
i — '5 a 
r = a + e 
V = '2 a to '4 a 
The greater values of v are for quick running. 
Figs. 544 — 547 show in diagram the relative positions of the 
crank and valve in a simple valve gear, at four different points in the 
stroke. 

In fig. 544 the piston is at the left hand end, and crank is at the 
beginning of the stroke, or, at the dead point ; the steam port is 
open to the extent of the lead v, the exhaust poii; is open Vq ; 
X = e + V, 

In fig. 545 the steam port is full open, and the valve, at its ex- 
treme position, to the right ; x = r. 

In fig. 546 the steam port is closed and the expansion has begun ; 
X = e. 

In fig. 547 the exhaust is closed, and the compression has begun ; 
X = i. 

In these figures, K is the crank, d, the angular advance of the 
eccentric radius E, and the arrows show the direction of running, and 
the direction of the flow of steam in the ports and passages. 



* See report of judges at the Cardiff Meeting of the Royal Agricultural 
Society. 
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Fig. 544. 
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Fig. 645. 
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Fig. 546. 
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Fig. 647. 
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ZeiAier's Valvs Diagram. 



fij means of Zeuaer's valve diagram, the relative positions of 
crank and valve can be shown graphically ; the construction is 
briefly as follows : Draw the two axes at right angles to each other, 
O X, O Y, figs. 648, &4fl, then make E = « = the ouUide lap ; 
E V = n = the lead ; with radius = ~ describe th e circle V G cutting 

and V, then M will be the centre of this circle, called the valve 
circle, Q will = r, and will give the position of the eccentric radius, 




ng. us. Fig. M9. 

and 8 will be the nnRle ol advance on Q produced. A circle of the 
same radius ia then drawn below X. Make J = t the inside lap, 
and draw the crank circle from centre O of any convenient size. Note 
that in this diagram the crank moves in the direction of the arrow, 
the contrary way to that in which the engine crank moves. 

Looking at fig. 549, when the crank is at — 

O B, the steam port is beginning to open at right hand. 

X, the right hand steam port is open to the extent of the lead v 
(crank at dead point to the right hand). 

Q, valve at its furthest position to the left. 

D, tlie right hand steam port closes and expansion begins. 

H, valve in its m.iddle position. 

F, beginning of exhaust at the right hand. 

X,, exhaust port open v„ at the right hand (crank at dead point 
to the left hand> 

P, valve at its furthest position to the right. 

L to O N, exhaust open fully to right hand. 

C, exhaust closes, beginning of compression. 

O Uj, valve in its middle position. 
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From P to a (in <!ireotion of arrow), through H„ the valve mo»M 

to the left. From G to P, through H, the valve move* to tlie right. 

The lialf stmke or radius of eccentricity equsb the port + the lap. 




The point of cut off will be earlier with the shorter stroke, and it 
is often ratticicnt that the greatest opening of port to Bteam 
a, = '8 a. This smaller openin); of port to steam, takes place in the 
eingle valve gears connected with a governor of the Hartnell type, 
in order to keep the range of the governor as short as possible, and 
can be arranged lo give very good admission and exhaust, as the 
exhaust ride of the valve allows of full opening of the port. 
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Valve Diagram for a Simple Valve Gear. 

X, direction of valve motion. 

0, centre of the diagram. 

e, outside lap (circle 2 e diameter about centre 0, called lap circle). 

i, inside lap (circle 2 i diameter about centre 0). 

Vy lead of the valve, g = e + v, 

r = a -\- e the radius or half stroke of the eccentric (valve circle 

through g and 0). 
H, diameter of the crank circle (any convenient size) 

Then in figures 554 to 557 — 

Vq = inner or exhaust lead. 

G, position of the eccentric radius. 

5 = the angle of advance. 

O B, the position of the crank for beginning of admission. 

O D, „ „ „ of expansion. 

F, „ „ „ of exhaust. 

C, „ „ „ . of compression. 

h = the position of cut off. 

If there is no inside lap, then the beginning of compression and 
exhaust take place on a line at right angles to the original position 
of the eccentric radius. 

The diagram crank moves in the direction of the arrow 1, in fig. 
554 ; the engine crank moves in the direction of the arrow 2, in fig. 
557 ; the radius of the eccentric is in advance of the crank to the 
extent of 90° + 5 ; K is the position of the crank, G that of 
the eccentric, fig. 557. In order to understand this valve diagram, it 
is better to draw the steam diagram under, as shown in fig. 555. 
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SUd« Valves. 



The above figures show a simple slide Ta]ve corresponding to the 
valve diagram, fig. 558, and a table of dimensiona is given on next 
P«ge- 
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Valve Gears with Two Valves. 
Meyer's Valve Gear. 
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Pig. 568. 

Fig. 567 shows the two valves arranged for a fixed rate of 
expansion ; fig. 568 for variable expansion, with the following 
reference letters. 

a, width of steam ports in port face. 

a^, width of steam ports in main valve. 

ao, width of exhanst port. 

c, width of bars between ports. 

^, outside lap. 

% inside lap. 

Vy outside lead. 

1^0, inside lead or exhaust lead. 

r, half stroke of main valve. 

r^, half stroke of cut-oflf valve. 

hy angle of advance of main valve eccentric. 

dj, angle of advance of cut-off valve eccentric. 

y = L — /, distance between working edges of valves ; in fig. 568 
an ideal middle position is taken for any selected point of cut off. 

2, the horizontal distance from centre line of the back edge of cut- 
off valve for any selected point of cut off. 

I, the valve circle of main valve, fig. 569. 

II, the valve circle of cut-off valve. 

III, the relative valve circle. 

Valve diagram, fig. 569. 

The outside lap circle, 2 1 diameter. 

The inside lap circle, 2 % diameter. 

The valve circle I, with a diameter of O G = r = half stroke 
of main valve, is drawn the same as for the simple valve gear. 
The advance angle of the cut-off valve eccentric h^ may be taken 
from 60' to 90', and the cut-off valve circle II described with 
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diameter O E = r, = half atroke of cut-off vnlve eccentric. Draw 
G P parallel to E, and O P parallel to E G, then P will be the 

diameter of the relative valve circle III. The chord of valve circle 
III gives the distance between the centres of the two valves which 
is greatest when the crank is in the position P, and then ia equal 
to the line OP; for a tixeU period of admission or point of cut off, 
for eiample -7, S => L — /, end the shaded part of the digram 
shows the opening of the port to steam. When the crank ia at N, 
the port in the main valve is fully open ; when at O m, the port is 



Pig. M». 

open to the extent of m ; when at S, the port is closed : the 
greater the distance between the working edges of the cut-off plates 
or valves, the greater is (, and so L — i is less. For very early cut 
off, L — lis negative ; example, for a cut off at -OS, the crank centre 
line outs the circle III in the lower quadrant. 
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Valve Diagram for Meyer's Valve Gear (Figs. 570—673). 

O X, direction of the valve motion, that is, plane of port face. 

e, outside lap. 

if inside lap. 

r, lead. 

r, half stroke of main valve eccentric. 

E, position of cut-off valve eccentric radius. 

fj half stroke of cut-off valve eccentric. 

G Pi, parallel to E. 

O Pj, diameter of relative or resultant valve circle 

Vq, inside lead. 

d, angle of advance of main valve eccentric. 

fii, angle of advance of cut-off valve eccentric. 

^8 = L — Z, for cut-off at '8 ; chord of circle III. 

y^ = L — Z, for cut-oflf at '4 ; chord of circle III. 

Vo = L — Z, for cut-off at -0 ; chord of circle III., negative. 

'8 is taken as the latest cut-off. 

O B, position of crank for beginning of admission. 

0, '4 „ „ for beginning of expansion for cut-oflf at "4. 

D, „ „ when main valve closes the steam port. 

F, „ „ when exhaust opens. 

M, „ „ when port in main valve reopens to steam 

for cut off at '4. 

0, „ „ when exhaust closes and compression begins. 

The chord of valve circle I. gives the distance of the middle of the 
main valve from the centre of the port face. 

The chord of valve circle II. gives the distance of the middle of 
the cut-off valve from the centre of the port face. 

The chord of the valve circle III. gives the distance between the 
centres of the two valves. 
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The Valve EUipae. 
(a.) Por Simple Valve Gear. 

The valve ellipse, 6g, 594, ie a 
great assistaace in understandiDg 
Zeuner'a valve diagram, and it also 
ahowa the apeed "ith which the 
valve movea at diffei'ent parts of 
its stroke, when opening or clos- 
ing the poi ts. The length of the 
connecting-rod is diaregarded and 
ia taken to be infinite. The dia- 
meter of the crank circle is divided 
in 10 equal parta, and perpen- 
dicular lines are drawn through 
these points terminating in hori- 
zontal linea as in the fig. S94 
placed for convenience above and 
below the valve dit^ram, and the 
distances from the centre of the 
valve to the centre of the port face 
(chorda of the valve circle) are laid 
off on the perpendicular lines, 
through the points thus found the 
curve called the valve ellipse is 
drawn, the lap e is laid off and the 
port width a„ then the shaded pai-t 
of the diagram gives the actual 
Pig-!^*- openingof theportbythevalve; at 

the dead point, for example, the port ia open to the extent of v, when 
the crank is at the position '4 the port is open the amount n. The 
scale of lig. 504 is f natural size : 

Width of port, n, = -67 inch. 
„ a = -78 „ 

Half stroke of valve r = 1*77 inch. 
Lap [outside) e = "98 „ 
„ (inside) i = -35 „ 
Lead (outside) ii = 196 inch, 
„ (inside) r. = -78 „ 
Angle of advance 6 = 41''. 



(b.) For Bider's and Heyer's Vulve Oears. 

The diagram and ellipse for the main »lide is constructed in (he 
same manner as for the simple valve gear. In the lig><. 5!)S, 596, the 
influence of the magnitude of the angle of advance S, (of the cut-off 

Admitaion. 




valve eccentric) on the speed with which the ports are closed is 
shown, and the following data are taken as starting points : — 

Admission period or cut-off, A = -3 port in back of main valve n, 
= -98 inch ; steam port, a. = i'14 inch ; outflide lap, e = 59 inch ; 
inside lap, i = 2'65 inch ; half stroke of main and cut-off valves r 
and r, = 1-73 inch ; outside lead = -12 inch angle of advance of 
main valve eccentric = 24° scale | natural size. In fig. 595 the 
advance angle of cut-off valve eccentric = 90°, in fig. 696 = 60°. To 
show the opening of the ports in back of main valve, lay off the 
distances between the acting edges of the main and cut-off valves ni 
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ordinates, then the area shaded with vertical lines gives the opening 
of the porte, a comparison of fig. 595 with fig. 596 shows there is a 
better admission of steam with an advance angle of 90** than with 
60'' ; the magnitude of the angle /3 shows this clearlv. 

Defect in Arrangement of Valve Q-ears. 

By defective arrangement of valve gears with two valves worked hy 
separate eccentrics, a second admission of steam may take place 
towards the end of the stroke before the main valve has closed the 
steam port. The diagram fig. 598 shows an example of this, the ex- 




Fig. 598. 

pansion will begin when the crank is at C when the cut-off valve 
has closed the port ; but they will reopen again when the crank is at 
O H, and second admission will take place as the main valve only 
closes the port when the crank is at D. This fault can be avoided 
by a proper advance angle S^ and stroke of valve 2 i\, the position of 
the diameter P of the valve circle III. fig. 598 must be near the 
position D the point at which the main valve closes the port To 
avoid this fault requires great care in valve gears where the ex- 
pansion is varied by varying the stroke of the cut-off valve eccentric 
as in Hartnell's expansion governor. Under indicator diagrams 
will be found an example which occurred in practice, but from, a 
different cause to that above mentioned. 



VARIATION OF EXPANSION BY BAND. 



189 



Arrang^ement for Variation of Expansion by Band. 

The expansion may be varied by increasing the advance angle 
of the cut-off eccentric by turning the eccentric 
round on the shaft and fixing it by means of a 
bolt to the main valve eccentric as shown in 
fig. 599, this has usually to be adjusted when the 
engine is stopped, but it has also been arranged to be 
varied automatically. The diagram fig. 600 shows 
the effect of altering the advance angle d^ from 90" 
to 60** and the cut will be thus altered from '6 to 
'25 of the stroke. It should be noted that for this 
kind of variable expansion the two ends of the 
main valve must be separated from each other as in fig. 584, 
so that each end is independent, but for valve gears where the 




Fig. 599. 




Fig. 600. 









i^tr^t ^-^O) Cut on -^2S. 



'/^^ 






expansion is varied by altering the stroke of the cut-off eccentric the 
two ends need not be independent of each other, so that all the ports 
in the back of tlie main valve are used for each end of the cylinder. 
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Valve Diagram for Valve Gears with Two Slide Valves, 
each Worked by a Separate Eccentric. 

The construction of the diagram is as follows: — 

First describe a circle (fig. 601) whose diameter equals the stroke 
of the main valve eccentric and draw the horizontal and vertical dia- 
meters, R Q = N T. On the horizontal, R Q set off the lap of the 
valve, plus the lead, L ; from L erect a perpendicular, cutting 
the circle VI. in K, draw the radial line, K, then O K will be the 
position of the main valve eccentric radius when the crank is at one 
of the dead points R, and the angle K N, will be the " angle of 
advance '' of main eccentric. The steam port in cylinder may be 
represented by the perpendiculars drawn below R Q from the points P 
and J, the distance O P being equal to the lap of the valve. If now the 
radial line K be imagined to move round on the centre O, in the 
direction of the arrow VI. from K to the point K^, it will show 
the angular movement of the crank-pin and eccentric radius from the 
dead point of the former until the valve has returned and closed the 
port. If the distance K K^ is taken with the compasses and set off 
from R to x^ in circle VI. and a perpendicular dropped cutting R Q 
in aj,, the proportion of R x^ to the diameter of the circle VI. will 
give the portion of the piston-stroke during which steam is admitted. 
It is easy to follow this motion and obtain the position of the crank, 
and from thence the position of the piston for the admission, cut-off, 
release and compression, by setting out the steam ports and exhaust 
in their proper position at the right of the port P J ; and by setting 
out the valve on a separate piece of paper and moving it backwards 
and forwards along the line R Q, and holding a set-square against the 
left-hand edge of the valve so as to mark the different phases on the 
circle or on the diameter R Q, all the positions of the piston may be 
marked on R Q for admission, cut-off, release and compression, and 
if R Q be divided into tenths, the percentage of stroke may be read 
off ; always bearing in mind that no account in this kind of valve dia- 
gram is taken of the difference in the distribution of steam caused by 
the angle of the connecting and eccentric rods. 

For valve gears with two valves, having the cut-off valve 
worked on the back of the main valve by a separate eccentric, a 
further construction is necessary. The example given is one with a 
" gridiron " or many-ported cut-off valve, and with a varying stroke, 
the maximum stroke being taken as equal to the stroke of the main 
valve. 

'^n K in the circle VI., describe a circle XII. of a diameter equal 
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to the width ol one port in back of main valve, and touching this 
circle, draw the perpendiculars C D, F G. On a point in circle VI. 
describe a circle equal in diameter, to width of one port in cut-off valve, 
so that this circle overlaps the line of port in main valve F G, by a 
small amount, say, ^th of an inch, more or less ; this may be called 
the lead of cut-off v«dve. The line A, gives the position of the cut-off 




Pig. 601. 

eccentric radius, when the crank is at one of the dead points R, and 
angle N A " angle of advance " of cut-off valve eccentric. 

From point K at radius K A, draw circle III. If closely 
observed, it will be seen that when the system of circles XII. and 
XIV. are revolved round on centre 0, at radius K, and at the 
fixed distance from each other K A, they will assume different posi- 
tions with regard to the observer looking down on them. In the 
position on the diagram, circle XIV. is below and to the right ot 
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circle Xll. and when K reaches K^, XIV. will be to the left of 
XII. and above it, so in the complete revolution, the two circles 
XII. and XIV. will revolve about one another, and their relative 
motion with regard to each other will be the same if one, say, XII., 
is fixed, and XIV. revolving round it at radius K A, and, taking 
this to be the case, all the positions of the cut-off valve ports with 
relation to those on the back of the main valve can be determined ; 
and, further, the position of crank at admission by cut-off valve, at 
cut-off, and at reopening of main valve ports, can be laid out in per- 
centages of stroke or otherwise. 

Describe the circle IV. on centre at radius equal to K A, then? 
taking radius of port circle XIV. in compasses, describe circle at H 
on circle III. touching the line C D. The radius K H will represent 
position of cut-off eccentric radius when cut-off valve has closed 
ports on back of main valve, that is, when steam is cut-off ; the dis- 
tance A H will show the angular movement from beginning of stroke 
to point of cut-oft* by cut-off valve. Transfer this distance to circle 
IV. and draw the radius V cutting the circle VI. at V, drop a per- 
pendicular from V on to R Q and read off percentage of stroke. In 
the present case of an expansion gear controlled by the stroke of the 
cut-off valve being decreased or increased by the governor or other 
means, this will be the latest cut-off corresponding here to the maxi- 
mum stroke of the cut-off valve. For the earliest cut-off, let circle 
XIV. be moved along line A and take the position B giving a 
shorter stroke to cut-off eccentric, describe the circle VIII. with 
radius K B on centre K, and describe a circle XI. with same radius 
on centre 0. As before, take radius of port circle and describe circle 
S with its centre on circle VIII. and touching the line C D ; the dis- 
tance from B to S will give angular movement from beginning of 
stroke to point of cut-off, transfer this movement to circle XL From 
centre to I draw radial line I and drop perpendicular from I^ 
to R Q and read oft' percentage of stroke. In valve gears where the 
cut-off is varied by shortening the stroke of cut-off valve eccentric, 
there is a danger of the ports reopening too soon and admitting steam 
again late in the stroke before the lap of the main valve has covered 
the steam port. To find where reopening occurs, describe port circle 
S VIII. with centre on circle VIII. and touching line C D, 
transfer the angular motion from B to S VIII. to circle XI. as 
before, starting on line R Q and cutting the circle XI. at x^. Draw 
radial line O x^ cutting circle VI. in x^, drop perpendicular on the line 
R Q, note where it cuts at aij, then if x^ is on the right hand of L, the 
point where the main valve closes the port, the reopening of cut- off 
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ports will then take place after the main valve has closed the steam 
port, and no second admission of steam will take place ; if, however, 
x^ is on the left hand side of L, second admission will take place, and 
the arrangement will have to be altered. Farther, the bars of metal 
between cut-off ports can be taken from the greatest distance 
between the main and cut-ofif eccentric centres, that is, in this case, 
from K to B, so that the radius of circle VIII. will give the greatest 
relative movement of the valves on each other and the least possible 
distance between nearest edges of ports ; about Jth of an inch or more 
must be added in practice for safety. 

Hand Adjustments for Meyer's Valve 0ear. 





^ ThrBaAc pmr kmofl 

Figs. 601*, tK)2. ^^LjL. 

Table 59. — Dimensions of Hand Adjustments fo^r Meyer's 

Valve Gear (Figs. 601* 602). 
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All Dimensions are given in Inches. 



•>• < 



In the above design (fig. 601*) the hand- wheel is rather small ; the boss 
is therefore made hexagonal, so that a spanner may be used if required. 

* g is for cut-off varying from to 73. 
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Hand Adjustment for Meyer's and Rider's Valve G^ars. 



Fig. 608. 




Fig. 604. 
Fig. 606 



Fij;. TtOo. 
Fig. 607. 




Fig. 608. 




Fig. 610. 



Fig. 611. 
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Figs. 012, 613. 



Table 60. — Dimensions of Hand Adjustment for Meyer*8 

Valve Gear (Figs. 612, 613). 
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All Dimensions are given in Inches. 
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Rider's Valve Gtear. 

Rider's valves differ from Meyer's in haying the working edges of 
the cut-off valve formed as a right and left hand screw, the valve 
itself being turned partially round in its seat, so as to give the same 
effect as the separate valves of Meyer moved further apart or nearer 




Fig. 620. 

together by means of the right and left hand screws and nuts. The 
effect is the same if the valve is a flat plate with edges inclined right 
and left, fig. 620 ; if the plate be moved down the distance L — Z is 
decreased, and if the plate be moved upwards increased. 



Fig. 621. 



Fig. 622. 




tr 






-^sta 



\1T 



Fig. 623. 



A modification of Rider's valve by Leutert of Halle is shown in 
figs. 621 — 626. The cut-off valve is in two parts, c and rf, figs. 624— 
626, this giving short steam ports, and also rendering the necessary 
adjustment for variation of expansion of less range. On the back of 
the main valve are four ports, a^, a^i, \^ ft^ ; the first two unite into 
one port at the right hand end of the valve, and the two latter into 
one port at the left hand end of the valve ; the cut-off valve has a square 



Bpindle by which it is turned in ita seat to vary the cut-off. The 
two parts of the cut-off valve are k«pt up to their seat 1^ spring*, h. 




These valvei are usually controlled liy the governor. The two 
lialves of the valve form a kind of piston valve, and should work 
with vary little friction. 
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 ▼■>¥« Oear and tlie Ooremor. 




The connection between Rider's valve geor and the governor is 
shown in rarioua ways in figa. 637—642. FigB. 637, 638, show a 
method by Starke and Hoffman, with cast-iron guides to the valve 
rods; lign. 639, 640, n method by Leutert; figs. 641, 642, a method of 
connection with a kind of nnivetsal joint, to allow for the backwards 
and furwordu luoveiueiit of the valve rod. 



rider's valvb gear. 



205 



Connection between Bider's Valve Gear and Oovemor. 




Fig. 643. 




Fig. 644. 







Fig. 645. 



£ 








Fig. 646. 



G^ the main valrc rod ; E, the cut-olT valve rod ; R, the arm to which the governor 
rod is attached. 
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Connection between Bider*8 Valve Gear and Governor. 




Fig. 647. 




Fig. 648. 
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Remarks on the Oovemor Bracket (Figs. 651 — 663). 

The combined governor bracket and valve rod guide on the next 
page may be taken as an example, a somewhat complicated piece of 
designing, but at the same time a substantial fixing for the governor, 
driving gear and guides. In engine design, especially with hori- 
zontal girder engines, it is well to have as few fixings on the girder 
as possible, for neatness and other obvious reasons. The whole of 
the governor gear and attachment to the valve rod, in this case, can 
be fitted up together, ready to bolt on the engine girder. In cases 
where a feed-pump is fitted to the engine, the barrel can often be 
made in the same casting as the valve-rod guides with the necessary 
valve boxes bolted on. This forms a very compact arrangement, and if, 
as may happen, the pump centre comes far out from the girder, a stay 
of wrought iron can be fitted from the pump casting to the slide 
valve chest to take the thrust of the pump. 

By making the flanges at both ends of the pump barrel of the same 
uize, the pump can be used for both right- and left-hand engines, a 
very important point in the economical manufacture of steam 
engines, and in many other machines. 

In figs. 651 — 663 one of the valve- rod guides is shown bushed 
with brass or bronze. If both guide-plunger and guide are of cast 
iron, there is certainly no necessity for this, although it is often con- 
venient for the owner of an engine to have such guides bushed, even 
if it is only with cast iron, in order that new bushes can be supplied 
by the maker, without having to supply a new bracket, with a risk 
of variation in the centres, causing trouble and delay. 



208 VALVE QBARS. 

Combinad Bracket for carrTing Oovemor and Talre-Bod 
auid«B (Figs. 651—663). 
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Valre Bod Guides and Joints. 



Figs. 664— 668. 




Figs. 669—671. 
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Figs. 672—675. 





Figs. 676, 677. 




Figs. C78— 681. 



VAL7B ROD aUIDBS AND JOINTS. 



Figs, 664 to 
and guides. That shown 




variety of examples of valve-rod joints 
1, is a very useful form when the 



eccentric rod and valve rod are not in line, the gaide plunger, P; valve 
rod and joint, J, being in one forging, and turned in the lathe on 
two centres, A, A ; this form is nsed in locomotives. 




Pig. essa. 
fig. 685o shows an eccentric in halves joined by cottered bolts ; 
the head of the bolt B is turned with eccentric sheave when the 
two halves are bolted togetlier. This method saves room, and is 
suitable for many small eccentrics where there is no space for bolts 
as in fig. 693. Fig. 685b shows an arrangement for workii^ two 
rods off one strap, V and a. This is sometimes useful in small 
vertical engines, where the feed pump and slide valve have to be 
■worked off one eccentric, the pump rod being jointed, as shown, to 
the outer end of the strap. 
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Dimensions for fig. 700, 
for Rider's valve gear 
adjusted by governor. 
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Dimensions for fig. 708, 

for Meyer's valve gear 

adjusted by hand. 
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Dimen. for fig. 706. 
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Dimensions common to figs. 
706—709. 
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Farcot's Valve Gear. 

The expansion valve B, fig. 712, is here loose on the back of the 
main valve A, and is dragged along by friction with the latter ; the 
distance to which the expansion valve is carried is determined by the 
position of the cam C, figs. 711 and 712 ; the range of variation in 
this gear can be from -0 to '4. The limit of the latest cut-oflF is when 
the crank is at G, fig. 710, and is dependent on the angle of 
advance. The valve diagram is constructed as follows : — 

d = the angle of advance of main valve eccentric ; r = the radius 
of eccentricity of main valve eccentric ; x = the smallest diameter of 
the cam, f' to 1^ ; h — I =r + x^; then 

Xj = L — ^ - r sin. d = the greatest diameter of the cam. 
2A; = 2(L -Z)-ai. 
«! = < 2 ( L - Z - a;,). 

When these equations are satisfied, the port^ a^, will be fully open 
when a; is at its least value. The opening of a^ is usually too small, 
so that two or more ports are required. 

Guhrauer*fl valve gear is shown in fig. 713, and is, in effect, similar 
to that of Meyer. 
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Piston Talves. 

Piston valres liAve been the subject of ninch iogemiity for many 

jears, and at length are fairly well eatabliahed in marine and other 

engines, wheie steam of very high preaEure is nsed, especially for 

the high pressure cylinder of triple expaasion engines. 



JHg. 711. 

An example is shown in fig. 714 for a simple valve gear ; C C are 

^he steam ports, one at each end of the cylinder ; B, the steam 




^ 



(@i-"t 



^E 



Pig. TIS. Fig. Il«. 

supply ; A, the exhaust. Ofher examples are ^ven in figs. TIG, 7 
and fig. 717 shows an outside view of the cylinder of an engine of 5' 
stroke, with the piston-valve case bolted on by means of flanges. 

Figs. 718 — 727 
show an example of 
a piston valve for 
Bider's valve gear 
for an engine of 
5' 7' stroke, 2' 7" 
diameter of piston, 
and 58 revs, per 
minute. The varia- 
tion of cut-ofE is 
from "0 to "6, and 
the valve is turned 
through an angle of 
36° by the governor. 



ff- 2-7 N' S'7 n= sa 
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Beversing Gears. 

Beversing gears are chiefly used on locomotives, marine and wind- 
ing engines, also on traction engines for common roads and steam 
road-rollers. The prevailing type of reversing gear is the ordinary 
link motion of Stephenson or some modification of the same, hut 
other types are used for special purposes. Stephenson's link motion 

Q 

\N 







is shown in diagram in fig. 728 ; on the shaft, 0, two eccentrics, V, 
R, are keyed ; a rod from each of these eccentrics is attached to the 
ends of the link or sector F, one rod to each end. 

A block free to slide in the link F is attached to the end of the 
valve rod. By means of the hand lever, H, and a system of rods, the 



Open rods 



Crossed, rods 




Fig. 729. 




Fig. 780. 



link can be raised or lowered, so as to briog either eccentric rod in 
line with the block ; it will be seen that the two eccentrics are set 
so that one will run the engine backwards, the other forwards. If 
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the link is in its highest or lowest position, the valve will receive the 
full stroke of one of the eccentrics ; if the link is in any other posi- 
tion, the stroke of the valve will be reduced, if the link is in a mean 
position, then the valve will receive the minimum amount of stroke. 
There are two ways of setting this valve gear, one, with open rods, 
fig. 729, the other, with crossed rods, fig. 730 ; the angle of advance, 
d, is usuallv made the same for both forward and backward eccentric. 
The effect of open and crossed rods on the distribution of steam is 
shown in the valve diagrams, figs. 732, 733. 



s 




//- 



t\ » '. ••V • ' * 

^ £ \ 

Fig. 781. 

In fig. 731, 

r = the radius or half stroke of both eccentrics. 

h — the angle of advance. 

c = the half length of the link measured from the centre line to 

the point where the eccentric rod is attached. 
n = the distance from the centre of the block to the centre of the 

link, u is positive when the link is down and n^ative when 

the link is up. 
I = the length of the eccentric rod. 
q — the radius of the link. 
l^ = the length of the valve rod. 

for a chosen position of the crank corresponding to an angular move- 
ment W, gives for X« (mean X) — 

X« = i + i, - ^-^ cos.« d + (c« - tt«) IZLI = L. 

The link should be curved to a radius equal to the length of the 
eccentric rod. 
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Stephenaon's Link Motion with Open Bods. 

(^ natural size.) 
9 3 Z / 



Fig. 782 




(a = 1 -18 ins. ; r = 236 ins. ; Z = 55 ins. ; c = 5*9 ins. ; e = -95 
ins. ; i = '27 ins.) 



(a) = Jr^sin. a+ ^'^^ 



- w» 



cos. dj (6) = ^ r - COS. a 



For u max. = c, fig. 731 : — 

Pull gear forwards. Mid gear. Pull gear backwards, 

(aj = i r sin. 8 (a^) = i r sin. 8 + i r j cos. b (aj = J r sin. d 
(&^) = J r cos. a (y = (ftj = - Jr COS. a 



STEPHENSON'S LINK MOTION. 
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Stephenson's Link Motion with Crossed Bods* 

(^ natural size.) 




Fig. 738 



[a — 1-18 ins. ; R = 2*36 ins. ; i = 55 ins. ; c = 59 ins. ; e = '95 
ins. ; t = '27 ins.) 



{sC)^\t Tsin. h - ^I'^cos. b\ 



(6) = J r - - COS. d 



For u max. = c, fig. 731 : — 

Full gear forwards. Mid gear. Full gear backwards. 



c 



(aj = i r sin. b {a^) = J r sin, 8 — J r -' cos. b (aj = ^ r sin. 5 



(6J = i r COS. 8 (6o) = 



{b^) = — J r COP. 8 
Q 2 
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For the distanoe, x, from the centre of the port £ELce to the centre 
of the valve, fig. 731, we have the following approximate formnlas : — 
For open rods, 

sin. d + ; — cos. d ] cos. w + cos. d sin. w, 

c I I c 

For crossed rods, 

sm. o - i COS. a ] cos. w — cos. o sin. w. 

c I I e 

These equations may be expressed for Polar co-ordinates : — 
For open rods, 

(a) = ^r [sin. d + ^ " ^ cos. ^ j ; 

(6) = J r — cos. d. 

For crossed rods, 

(a) = J r f sin. d - ^^ cos. d J ; 

(6) = J r - COS. d. 

Thus we have the equation of a circle which passes through the 
centre point. 

If we now take u max. = C, and have 9 equi-distant notches in 
the notch plate for the reversing lever, we have the following values 
of u for the nine different positions : — 

With open rods. With crossed rods. 

U = C 

^ = f ^ \ Forwards 

u = ^ c 

M = Mid-gear 

^^ ~~\^} Backwards 
u= - jc 

u = — c ' 

further these values give : — 

With open rods. With crossed rods. 

Full gear forwards. 

(a) = i r sin. d, ip) — \f ^^'^ S> 

(6) r= J r cos. 5. (6) — \t cos. h. 

Mid gear. 

(o) = ^ r sin. fi + J r — - cos. 5, {p) = \st sin. h — \r^~ cos. ^ 

(6) = 0. * (6) = 6. ^ 

Full gear backwards. 

(a) = i r sin. S, {pi;) = \t sin. d, 

(6) = — J r cos. fi. (5) =. — J r cos. 8. 
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Prom the diagram fig. 732, it will be seen that the port is only full 
open to steam when the link is in either extreme position, in any 
intermediate position the port is only partially opened ; on this 
account it is usual to make the ports very wide.* 




Pig. 784 



Pig. 736. 



Pig. 734.— Link motion reversing 'gear, by Pius Pink, with one eccentric, one link, 
and one valve. 

Pig. 735.— Link motion reversing gear, by Hensinger Von Walde©?, with one eccenti-ic, 
one link, and one valve 




Pig. 736.— Link motion reversing gear by Polonceau, with two links and two valves. 



* A full description and analysis of these link motions will be found in 
Zeuner's '* Treatise on Valve Gkiars," translated by Moritz Mtiller. London : 
Spon 
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Allan's Straight Ziink Kotion. 




7 I \-  v^j:^ 

The diBtinguishing feature of Allan's straight link motion revers- 
iag gear, fig. 737, is that the link is a straight bar, not a curved 
sector, and that link is raised and the block lowered sininllaneonsly 
b,y a system of levers, the diagrams, fig. 738, 739, show that the dis- 
tribution of steam is much the same as with tlie Stevenson's link 
motion, but the lead is more nearly constant for all positions of the 
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Ooodi'a liink motion. 

Thia link motion levetmng gear, fig. 740, ie sometime* called tha 
" fixed link " motion, bh the Unk is suspended bom a fixed point, and 
i» not moved up and down, the reveising action being obtained by 
moving the block up and down in the link. 




Crossed rods give the 
used witli this motion. 



distribution of steam, and are seldom 



= i,(.i, 



with croased rods. 






M = + c Full gear forwards u = - c, 

u = Mid gear u = 0, 

w = — c Full gear backwards a = + c. 

In the diagram, fig. 741, for open rods all the centres of the Talve 

circles lie in a straight line, therefore the lead and cut-off are 

constant. 



VALVK QKAHS. 
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Bevetsing levers are of yarious designs ; figs. 742 and 749 allow 
two otdinai; types, tliat in fig. 749, has the advantage of having the 
Bpring, S, low down out of the way and sIbo 
the hand lever, H, is carried up wdl ahove 
the handle of the catch, S, bo that hath hands 
may he used on the lever. 

A simple arrangement for reversing the 

diiection of running in small engines, such as 

s^cultursl engines, but one that requires the 

engine to be stopped to effect the levenial, is 

that of having a disc keyed on the shaft, I, 

I fig. 751, and a. holt, a, to fix the eccentric to 

) the disc ; a slot in the eccentric allows it to 

~ ' be put over in position for forward or back- 

ngt m, TSi. ^^ running. 
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One form of reveTsing gear which has been used on smaU marine 
engines consists of a sleeve, a, fig. 752, loose on the crank shaft, the 
eccentric, 6, is fixed on the sleeve, a, and a stud in c engages in a 
thread cut in the shaft, so that when c is slid along on the shaft it 
causes the eccentric to turn round sufficient to reverse the engine. 



- -J. 



Ln 




Fig. 752. 



Fig. 753. 



Another form of reversing gear with a loose eccentric, fig. 753, has 
been largely used in oscillating paddle engines. The eccentric is free 
to revolve on the shaft between limits formed by a stop, e, the eccen- 
tric is moved for reversing by means of the lever, H, the valve rod 
being disengaged from the eccentric rod first by a device known as 
a " gab " and catch ; it is usual to balance the weight of the eccentric 
by a plate or disc on the opposite side of the shaft, in order to lessen 
the labour of reversing. 



Valve Gears witli Muslirooni and Double-beat Valves. 

These valve gears would seem to be elaborations of the original 
Cornish double-beat valve gears, they are usually rather complicated, 
and are therefore not very largely used ; the valves of this kind are 
used in large winding engines, and are capable of being controlled 
either automatically or by hand. Sections of the valves and seats 
are given in figs. 754 to 761. 

These valves were formerly made of gun metal, but now almost 
exclusively of cast iron ; the valve seating, also of cast iron, should be 
especially massive, to avoid the possibility of their getting out of 
truth. The seatings are frequently cast in one with the cylinder, 
and require care in the disposition of the metal, in order to secure 
sound castings. Some examples of the ordinary arrangements of 
these valves lare shown by figs. 762—766 in outline. 



VALVE GEARS. 



Xnshroom and Donble-beat Valves.* 

Bchweii LocomotiTS wd Engine Works. Soclu and Wick, Baael. 




Piiiey, Junea A Co., Ki 



* These sections are from L'bland's "Corliss Yalie Edgiat 
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Fig. 7tf2. 



a 



r°^ 



Fig. 708. 



:z 



x: 
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Fig. 764. 



Fig. 762. — The two admission valves above, two exhaust valves below. A very 
common arrangement — for example, GSrlltz, Sulzer, &c. 

Fig. 763.— The two admission valves and the two exhaust valves on the top of tht 
cylinder. 

Fig. 764.— The case for the valves bolted on to the side of the cylinder. 
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Valve Oear, with. Valves driven by an Eccentric 

(Figs. 765, 766). 

Fig. 765. 








Fig. 766. 



The above arrangement (figs. 765, 766) were much used in wind- 
ing engines — 

E E, the steam valves 

D D, the steam ports. 

The valve motion is obtained bv means of an eccentric and bell 
crank levers. The valve spindles aie fitted with weights on their upper 
ends, to ensure prompt closing. As this valve gear works exactly in 
the same manner as an ordinary slide valve gear, a link may be in- 
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troduced, and the whole used as a reversing gear or for a variable 
cut-off. 

In fig. 765, 

h = the stroke of the valves. 

V = the lead. 

8 = the amount of play between the end of the lever and the 

slot in the valve spindle when the eccentric is in the mean 

position. 
d^ = the diameter of the admission valve. 
h^ = stroke of admission valve. 
l^ = length of lever for admission valve. 
I = length of lever, see fig. 765. 
(2, = diameter of the exhaust valve. 
h^ = stroke of exhaust valve. 
l^ = length of lever for exhaust valve. 

then we have — 
^»=^;r= j-(h + 8);rBm.b = j.[8 + v); sin. d = /-il±J?l, 
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Valve Gear with Cam Motion. 



Fig-ras. 
In figa. 767, 768, 
A A, aie the exhaust valves. 
E E, the admission valves. 
!>! D„ the cams for the exhaust valves. 
D T>, the cams for the admisBion valves. 
S, the cam spindle. 

R, the rollers at end of valve levers and resting oi 
F, the springs for closing the valves. 
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Construction of the Cams (Figs. 769—773). 



y.>i;V--W ^P;^ ,/^::^ Jx:pi^ 

Fig. 769. Fig. 770. Fig. 771. Fig. 772. 



^^^3:^' 




Fig. 778. 



Fig. 760. — DiagRim. 

Fig. 770.— Exhaust at left hand. 

Fig. 771. — Admission at left hand. 



Fig. 772.— Admission at right hand. 
Fig. 773.— Exhaust at right hand. 



In the diagram fig. 769, the cut-off is taken at '3 then let 

V — the angle for lead. / = the angle for cut-off. 

a — the angle for exhaust, c = the angle for compression. 

The cam spindle is shown in section, and the circle giving the 
position of rest and the half circle of the roller are drawn in. If the 
cut-off is to be varied either by hand or by the governor, both admis- 
sion cams are made of screw form, and the cam spindle is moved 
lengthways to alter the cut-off. 
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Musliroom Valve Gear with Positive Motion to 

the Valves. 

Hartimg*8 Patent, made by the Harzer Co., Nordhausen, and the 
Buckau engine works, Magdeburg. Fig. 776. 

The arrangement of this valve gear is as follows : an eccentric, r, 
with an elongated ring, gf, is keyed on the valve shaft ; on the elonga- 
tion of the eccentric ring is a pin, «, with a block which slides in 
the link, c, this link is moved as shown in dotted lines, figs. 774, 
775, by means of the rod, n, in connection with the governor ; at 
the end of ^ is a pin, /, to which the rod, 6, is attached ; the upper 
end of the rod, &, is attached to the lever, i, h, this lever being con- 
nected to the admission valve spindle, but resting only on the 
fulcrum bracket. In ^g, 775, the engine is supposed to \ye at the 
dead point, and the valve open only to the extent of the lead, and 
the governor is at its lowest position corresponding to the latest cut- 
off, '9 of the stroke ; the pin, «, is so arranged that the link may be 
moved without affecting the lead. 

By the motion of the valve shaft when the engine is running, the 
eccentric moves in the direction of the arrow, and causes the end 
with the pin, /, to move up and down, thus opening and closing the 
valve by means of the rod, 6, and lever, i, h. By this motion the 
pin, «, slides in the link, c, and if the governor rises, the link is 
turned from right to left, by means of the rod, w, and then the pin, 
8, is no longer guided in a horizontal but in an inclined direction, 
causing the path of the point, /, to be altered, and not to extend so 
far below the horizontal line during the opening of the valve ; this 
difference causes the valve to close sooner, and to give an earlier cut- 
off; when the governor is at its highest position, the point,/, does 
not go below the horizontal line, and consequently there is no 
admission of steam. 
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Widnmann's Patent MuBhroom Valve Gear with Positive 

Motion to the Valves. 




Fig. 776. 



MUSUBOOH VALV£ 6EAK. 
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Huahrooxn Valve Gear with Positive Uotion to Valves. 

H. Widnmann's Patent, Municli. Fig. 776. 

The eccentric for giving motion to the valves in this gear is keyed 
on a side shaft, and has a long rod connected to a lever turning on a 
fixed point for working the exhaust valve ; this renders .any motion 
taken from the eccentric ring to be definite ; a short pair of links, 
A B, fig. 776, are jointed to the upper side of the eccentric ring, and 
to the lever, B F C, and the rod, C D, gives motion to the admission 
valve through a rod and lever. The lever arm, E F, is keyed on a 
spindle, and this spindle is turned by the governor. By turning the 
spindle, E, a varying inclination is given to the arm, E F, and there- 
fore also to the links, A B, and by this means the period during 
which the valve is open is altered, and an earlier or later cut-off 
obtained. 

In order that the lead may be as nearly constant for all variations 
in the cut-off ; the centre of the spindle, E, should be the centre of a 
circle, which approximately represents the path of the point, F. 




CZ Iff 
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VALVE OKARS. 



O. Becke's Patent Valve 
Gear. 




Fig. 778. 



o. rbcke's valve gear. 
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Mushroom Valve Gear with Positive Motion to the 

Valves. 

Tlie eccentric, a, fig. 778, O. Recke*s Patent, moves the exhaust 
valve by means of the roller levers, o and p, and the admission valve 
through the pin, b. 

The governor lever, g h, turns on the pin, g, which also carries the 
lever, gfy the point /forms a turning point for the lever, /e c, con- 
nected to eccentric ring at b, by the rod b c, and also connected by 
d eto the lever dik ; at k this lever is connected with the upper 
lever, Imn, which moves the admission valve : gfyde, and b c, are 
of equal length, and in the opening position of the valve parallel to 
one another. 

This valve gear gives a very nearly constant lead, and a sufficient 
opening of the valves for the normal cut-off without excessive open- 
ing for the early cut-off, and very little back pressure on the 
governor. 




10 k 50 ^ 50 20 40 5% 

Fig 779.— Valve diagram, drawn by a model ot the valve gear. 
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Euclienbecker's Patent Mushroom Valve Gtoar with 
Positive Motion to the Valves. 

The shaft, e, fig. 780, is turned in the direction of the arrow by 
gearing from the crank shaft, and carries an eccentric which gives a 
vibrating motion to the link, /. The sliding block, /, in this link, 
by means of the rods, \y i, and rf, gives the necessary motion to the 
admission valve. 

The double lever, h, h^ communicates the motion by means of the 
arm, c, which is connected to the rod, d ; the arm, c, acting against 
b, opens the valve, and acting against 6^, closes the valve ; fig. 781 
shows the position of the levers with the valve open, fig. 782 with 
the valve closed. The rod, d, is connected to the link at p, for open- 
ing and closing the exhaust valve. 

The governor altera the position of the block in the link, /, by 
means of the lever, n o, and the rod, m, and varies the cut-off. 

The movement of the valves is very quick, and is positive, without 
the aid of dash pots or springs for either opening or closing. 



TALTE GEAB8. 



Proell'a Patent Hnsliroom Valve Oear with Poutiva 
Hotioa to the Valvea. 



PIg.J8S. 

Thia gear consists essentially of valves driveu by a: 
point in the eccentric ring moves in a closed curve, and by means of 
an adjustable lever connected to the governor tbe cut-off is varied ; 
by this peculiar motion the valves move with varying speed to 
a'nd from their sewings, and open and close quietly. Tlie exhaust 
. valve is by levers^ittached to the eccentric ring, as shown in fig. 782. 



B. konig's valve gear. 
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E. Kanig's Mushroom Valve Gear, with Positiye Motion to 

the Valves.* 




Fig. 783. 

The eccentric ring in fig. 783 is made with a projection, 6, and is 
jointed at g to an arm, c, which swings on a fixed point, d ; the 
admission valve is moved by the rod, /, resting against the eccentric 
ring, 6, the position of / is altered by the governor, and varies the 
cut-off 



* Dinglei's " Polytechnic Journal," No. 3, 1888. 



VALVE QBASS. 



Oameritli'a Patent Valve Gear, with Trip Arrangeineiit 
1)7 Stark dfc HotEbian, of Hiracbbersr. 



Fig. 784. 

The valvea in fig. 784 are worked by the cam, o, the admission 
valve is lifted by means of the catch, e, this slides away and allows 
the valve t« fall at different positions determined by the governor, 
which raises the piece on which the catch acts by means of the rods 
g, i and k, and tliiis alters the cut-off. The exhaust valve iH worked 
by the same cam, a. 



SULZEB S VALVE OEAB. 

Sulzer'a Valv« Gear, with Trip ATrangement 
(Sulzer Bros., Winterthur). 



Fig, 7S5. 

Fig. 785 shows tlie arrangement of valve gear by Sulzer, in which 
the valves are opened by an eccentric, and pitivided with trip gear, 
by which they are allowed to close by means of a spring. 



VALVE GEAM, 



Corliss Valve OetiT. 

The c]»aract«ristic8 of the Corliss valve geai' are, Ist, that there ai^e 
two separate admiasion valves and two separate eihatist valves ; 
Sndly, that the admission valves are opened hy an eccentric, then 




w m 



released and suddenly closed by either weights, springs, or dash pots; 
3rdly, that the valves are cylindrical, and have a partial rotatory 
movement imparted to them. 

The connection between the eccentric and the admiasion valve ia 
generally in two parts, one being connected with the valve, the other 



COBIiISS TALTB GEAR. ^flS 

with the wrist plat«, whicb receives its motion from the eccentric rod ; 
during the opening of the valves the two parts are coupled, but to 

allow the valve to close the two parts are suddenly uncoupled. 

The general action of the Corliss valve gear is shown in diagram 
in figa. 76B, 787. The centre disc, or " wrist plate," receives an 
oscillating motion from the eccrntric rod, a, the two rods, iandf,are 
formed intosprings at/,/. The lever, A, is connected tu the valve, Ike 
connection between the lever, h, and the rod, c. is bv means of a kind 
of catch or detent arrangement, k, g, the governor acts by the rods, t, t ; 
when the governor rises, the rods, i,i, are pushed down, and cause the 
catch lo slip, leaving the lever, h, disconnected, and allowing the 
valve to be closed suddenly by dash pots, I, or by wei;;hts. The 
position of the governor determines the time of release. 

Harria' Corlias Valve Gear (Figs. 788, 789). 
This is an arrangement very much the same 
as above, but modified in the details, the rod, 
a, receives motion from the wrist plate, the 
ehort arm is free to turn on the valve spindle, 
(i, at 3 is a small projection against which the 
curved arm, /, rests ; the backward and forward j 
motion of the rod, a, canses the / to slide 
gainst g, and according to the position of 3 Fli! TS3 

(determined by the governor) depresses / and 
releases the catch, e, and thus allows the valve to be closed by the 
dash pot or weights. 
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Beynold'a Corliss Valve Qoax (li^g. 790). 

The arrangement ie the same with respect to the general features 

aa the original Corliss gear, the wriat platfl receiving its motion from 

an eccentric. The levet, e, fig. 790, 

, is loose on the valve spindle, b, and, 

) together with d, is moved hy the 

I rod, a ; from the wrist plate on d is 

a piece of steel, (,and on e the block 

/ teste, this block is on lever g, the . 

latter being fast on the valve spindle, 

6. The spring, h, serves to keep the 

forked lever, d, pressed up against/. 

Again, on the valve spindle, b, is the 

governor lever with the projection, 

I, against which by the motion the 

^' bell crank lever presses and thus 

releases the catch ; if the governor ceases to act by the strap breaking, 

then the projection, k, releases the valve, and no more steam can 

enter the cylinder i the usual dash pot, or we^ht, for closing the valve 

is attached hy the rod, t. 



Figs. 791, 792 show an arrangement for obtaining the release of 
the valve without the use of springs. The releasing lever has a pis 
working in a groove on a disc adjustable by the governor. 



C0BLI8B TALTB OEAR. 



Wlkeelock Corliu VoItv Oear (Figs. 793, 794). 
In this orrai^meiit all the four porta are bronght to the ends of 
the cjlinder, the exhaiutt valves a 



direct from the wriat 




Ptg. 793. Fig. 7(14. 

plat* and are hollow, fig. 784. The admission valves act as ex- 
pansion valves. 

Corliu Talve Oear, by J. B. Prikart, Faria* (Fig. 79S). 
The exhaust valves are worked by the eccentric and levers as ia 
795, and a five-anned lever takes the place of the wrist plate 




IS of this lever work d 
•■aU,% nat evu 



in other types of Corliss gear. The upper 
the double arms, A, A, these are free to 
turn on the bush which forms the bear- 
ing of the valve spindle, C, fig. 796. 
On C the tappet lever, D, D, is fimily 
fized ; this lever, D, D, has on one aide 
a plate of hardened steel, and on the 
other a joint and rod connected to the 
dash pot piston for closing the valve. 

* " Zeitschrift der Verein denlech. Ingeoieur," 1E0O, pags 917. 
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Anotlier tappet, E, id fixed to the sliort ami, F, fig. 79fl, which is 
free to turn on a pin fised to A; & snuill rod connects the angle 
lever, H, wiih the eccentric rod, 
and at the upper end of H a 
small three-amied lever, I, is 
joint«d ; the rods, G, O, convey 
the motion from H to the anu 
F, which carries the tappet, E ; 
liy this motion E comes in 
contact irith I), and opens the 
valve; thedurationof theopen- 
ing lasts until the inner edge 
of E escapes from the tappet V, 
Sie.1lfl. then the valve closes. The 

governor is connected to the three-armed lever, I, and it will be seen 
from fig. 797 that the release will take place earlier or later according 
to the position of the lever, F, and with it the tiippet, E, the altera- 
tion of position for the variation of cut-off being effected by the 
govemoT. The curves in chain dotted linen show the movement for 
the earliest and latest cut-off. 




Fig. T9S. -I 



M Engine by Thoirma Powe 



Figures 798, 799, and 800, give examples of the general arrange- 
ment of Corliss gear by American and French engineers. With 
Corliss valves the length of the ports is very nearly equal to the 
diameter of the cylinder. The area of the ports ia about "07 of the 
piston area for the admission, and '10 for the exhaust. The diameter 
of the valves is from '25 to -32 of the cylinder diameter. 



" Zeitschnft der Terein deatach. Ingeuiear," II 
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n Engine by J. Fsrcot, 8t Onen.* 



Fig. eOO.—Amerlean Gorllaa Engine.) 




!58 CORLISS YALVE OEABS. 

The valve spindles eitlier pasa tbroiigli as in lig. 801, or are merely 
gudgeons as in fig. 802 ; the ends 
of tlie rods are provided with 
adjustments to take up wear. 

The dash pots, figs. 803, 804, 
have working cylinders about -6 
to '5 of the diameter of the engine 
cylinder, and the dash pot proper 
about -4 to -3 of the cylinder 
diameter. Small adjnstab'evalves tire provided at oand S, to regulate 
the action of both pistons ; th; arrangement shown in fig. 804 has 



the advantage of being noiasleas in action, but is not so cheap to make 
as that shown in fig. 803. 



Rg. 800.— SecHon tluough end 
or lylLrnler sbowinf arrangB 
ment of Coiliss valves, by 3. 



CORLISS VALVES. 



^ 



Pig. 806.— Seetloii gf Corlliw valve, by Fig. 807.— Section of Corlisa vklvo, 

Doi^lke & Qrant, Klrkialily. b; the SsngcrhiUBer Engine Worka. 
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-Dimeniioiw of Corliw Valves (Figs 


816, 


B17). 
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Figs. 818, 81P.— Section of Corliss Valve. 



Table 70.— DimensionB of Corliss Valves (Figs. 818, 819). 
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All Dimensions are given in Inches. 
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Figs. 820, 821.— Corliss Valve Spindles. 



Table 71.— Dimensions of Corliss Valve Spindles 

(Figs. 820, 821). 
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All Dimensions are given in Inches. 



h for admission valves. 
&x for exhaust valves. 
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Figs. 824— 826.— Lever Anna for Corliss Valves. 



Table 73.— DimenaionB of Lever Arms for Corliss Valves 

(Figs. 824—826). 
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All Dimensions are given in Inclie i. 
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Figs. 827— 829.— Levers for Corliss Valves. 

Table 74. — ^Dimensions of Levers for Corliss Valves 

(Figs. 827-^29). 
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All Dimensions are given in Inches. 
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Table 76.— I>im«iuioiu of Valve Sod-Ends for Corliu 
Valvea (Fig«. 834—836). 
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Figs. 837— 839.— Valve Rod-End for Corliss Valves. 



Table 77. — DimenBions of Valve Rod-Ends for Corliss 

Valves (Figs. 837—839). 
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All Dimensions are given in Inches. 
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Fig. 840.— Diagram showing Centres of Valve Rods for Corliss Valve Gear. 



Table 78. — Dimensions of Centres of Valve Bods for Corliss 

Valve Gear (Fig. 840). 
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SECTION V. 

CONDENSERS, AIB-PTJICPS, AND FEED-PUMPS. 

Condensers are divided into two principal classes : (a) Injection 

Condensers, where the condensing water acts in direct contact with 

the steam, and therefore mixes with the water from the condensed 




Figs. 843—849. 




Figs. 850—856. 



steam ; {b) Surface Condensers, where the condensing water acts on 
one side of a thin waU of metal, the steam being in contact with the 
other, and thus the water from the condensed steam is kept separate 
from the condensing water ; these are the two varieties most in use. 
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CONDENSERS AND AIR-PUMPS. 



A few special methoda of condensing steam are occasionally used ; of 
these some may be said to belong to the class (a), others to the 
class (&). 

The earliest examples oi condensers and air-pumps were vertical 
and single-acting, and were generally applied to beam engines. When 
horizontal engines came into fashion, the air-pumps were often 
vertical, worked by means of a bell-crank lever ; but owing to the 
number of parts required to drive a vertical air-pump from a 
horizontal engine, the simpler method of putting the air-pump sur- 
rounded by the condenser horizontal, and in the same line as the 
piston-rod, and driving direct from the tail rod, has come into use to 
a large extent. 

An objection to horizontal air-pumps driven in this way, has often 
been urged against their use, namely, that with high piston-speed 
engines, the speed of air-pump bucket, necessarily the same, is too 
high for efficiency. By good proportions this objection can be 
removed, and even speeds of 800 feet per minute have been used 
with good results, especiaUy with plunger air-pumps like that shown 
in fig. 876, taken from the Allen engine made by Whitworth & Co. 

Figs. 843 to 856 show in diagram several methods of driving air- 
pumps from both horizontal and vertical engines. 

(a.) Ixjector Condensers with Air-Pumps. 




Fig. 867.— Vertical Bucket and nnnger Air-Pninp of ordlnaiy type. 
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Figs, ess, 800— Horiamlnl Aii Pnmp and CondinBM wiUi BectangnlK VbIysi 




FigB. 800, SHI,— Horiainlal Air Pump snii CondeiiKT "ith RePlodBulfli Valval, nindc 
by the Prince Rudolf Iron Wuiks, DtUmen. 



COKDENSEBS AND AIR PCHFS. 



Horn's patent air pump and condenser, made by G. Brinkman & 
Co. of Witten, is shown in section, figs. 864—867 and 870—872 ; the 
air pump piston or bucket is shown at the right hand end of the 
harrel and is just starting back to the left, at this moment the space 
between the suction and delivery v^vea and piston is full of water, 
as the piston continues to move to the left tlie water level sinks, 
(whilst the delivery valve remains closed by the external atmospheric 
pi'essure,) and maintains a vacuum in the space between the surface 
of the water and delivery valve ( as the water level sinks it allows 
the small air valves, L L, to open, and any air in the condensing 
chamber passes through into tlie space left by the movement of the 
piston, without having to pass through the suction valve below, 
whilst the water from the condensing chamber passes through the 
suction valve. The water and air are thus kept separate, and also 
the air ia drawn out of the condensing chamber through the small 
valves, L L, at the beginning of the piston stroke, and not, as is 
usually the case with horizontal air pumps, at the end of the stroke 
through the suction valves, which are necessarily placed low down. 
Tliis construction should get over the difBcidtj which often occurs of 
getting rid of the air quietly, and should secure the prompt closing 
of the delivery valves. 



UOBSS OOHDEMSES AHD AIB PUHP. 



COKDENSEBS AKD AIR PUUPS. 



T Piunp ind Condonaer, with Baction sud 



In Ed. Konig's air puni)) made by tlie Clienmitz Steam Engine and 
Spinning Macliine Works, both tlie suction and delivery valves ate 
above the barrel, figs. 868, 869. 



horn's condenser and air pump. 



277 





Pigs. 870— 872. -Outaide Views of Horn's Patent Air Pump and Condenacr. 



Table 80. — Dimensions of Horn's Patent Air Pump and 
Condenser (Figs. 864—867 and 870—872). 



Engine. 


Air Pomp aiid Condenser. 






Pipes. 




 

H 


D 


II 


D 
5 


a 
33^ 


15J 


C 

15| 


d 


e 
13| 


/ 
17f 


Ex- 
haust. 

g 
3i 


Injec- 
tion. 
h 


Over- 
flow. 
i 

4 


19f 


iif 


2^ 


13i 


23f 


H 


39i 


16i 


17 


43^ 


15 


19 


4« 


3 


4} 


27i 


15j 


27i 


7 


47i 


m 


m 


51i 


16 


20 


5 


4 


H 


31^ 


17§ 


31i 


7| 


49J 


19f 


in 


54i 


19f 


23f 


5i 


4| 


6i 


36J 


m 


35i 


8} 


65 


19g 


20i 1 69i 


22^ ' 27^ 


6i 


5i 


7 


39i 


21« 


39i { 9| 


65 27i 


25i' 71 


27i 35i 


7 


6i 


8 



All Dimensions are giyen in Inches. 
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Ffgi. 873— 8TS.— Outside Views of the Dolmen Air Pnmp and Con. 



Table fll.— Dimensions of Air Pninp and Condenser 
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PLUNGER AIR PUMP AND CONDENSER. 



Figa. 878, 877.— Plnnger Air Pnmp aiiJ Condenwr from the Alkn EDgJne. 

E, exhaust pipe. 
P, plunger. 
0, overflow pipe. 
Diameter of engine piston, 12". 
Stroke, 24". 
Revs, per miuiite, 200. 
Diameter of nir pump piattrn, 6°. 

A full account of this engine will be found in Proceedinga of Inst. 
Mech. Engineers for 1868. 
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DIMENSIONS OF AIR PUMP AND CONDENSER. 
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OONDENSEBS AND AIR PUMPS. 



The quantity of condensiiig water required depends in some 
measure upon the temperature, but a rule which will serve as a basis 
upon which to judge of the amount required is from 20 to 30 times 
the amount of feed water used ; an actual example taken by measur- 
ing the overflow water as it left the condenser gave from 61 to 80 
gallons per indicated HP per hour ; the temperature of the injection 
water was 56", and that of the overflow 100" ; the engine had a 12^ 
piston and 15^ stroke, the boiler pressure l)eing 55 lbs., and at the 
time when the water was measured indicated from 20 to 24 HP ; the 
air pump was a vertical plunger pump. 



(b.) Surface Condensers. 

Surface condensers are now almost exclusively used in marine 
work, and enable the boilers to be worked at much higher pressures 




^^^ gttrjgg^igg 





u-«> ^ 






if /^'Tribes 



Fig. 883. 



Figs. 881, 882. 



on account of the purity of the feed water, only a small amount of 
auxiliary feed being used direct from the sea ; they are also increasing 
in use on land, especiaUy where water is plentiful but bad ; their 
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first cotst lA much greater than an ordinary jet condenser, but there 
in much to >jc said as to their snitabilitr for special positions, such as 
by the side of brackish rivers, or rivers where the water has a bad 
action on lx>iler plates. An outside view of one form is shown in 
fi;^:^. 881, 882, and fig. 883 shows one method of fixing the tubes. 
The tubes are usually of solid drawn brass of §^ or f or ^ diameter, 
the tube plates of brass or copper. J^ tubes run 10}^ to the lb., }*' 
tu>>es, 9^"^ to the lb., the thickness being 18 B W G. 

The method shown in fig. 883, of fixing the tubes by small screwed 
glands and packing allows of free expansion and contraction, and 
also admits of a tul>e being drawn for examination. In marine 
rturface condensers the cooling surface is about 3 square feet per 
indicated HP. A surface condenser combined with air and circidat- 
ing pumps, by Messrs. Buston & Proctor of Lincoln, is shown in 
figs. 884, 885, arranged for placing behind the cylinder of a hori- 
zontal engine, on an extension of the bed plate ; in this example the 
exhaust steam is passed through the tubes, the circulating water 
l)eing pumped through the chamber containing them, and thus 
coming in contact with the outside of the tubes ; many surface con- 
densers are made so that the circulating water is pumped through 
tlie tubes, the exhaust steam passing through the chamber, and com- 
ing into contact with the outside of the tubes. 

Tlie quantity of circulating water required varies from 55 to 90 
gallons per indicated HP per hour. 

In places where the quantity of condensing water available is 
small, various devices have been made use of to cool the water, so 
that it may be used over and over again ; shallow ponds answer very 
well and are largely used. An ingenious device by Theisen,* of the 
Engine Works, Grevenbroich, is shown in fig. 886, here the water 
from the condenser is cooled down by a series of metal discs dipping 
partly in water and kept slowly revolving, a fan draws dry air through 
the spaces between the discs, and cools them by evjaporation. 



* A full account of this cooling arrangement appeared in Dingler's Journal, 
Vol. 267, Part 13, page 686. 



FEED PUUPS. 



Rg. rea.—Thef lien's Cooling App«iBtiu for Candanilng Water. 

The cnld water reservoir a, with surface condenser tulies im- 
mersed : h, inlet for exhaust eteam ; «, a series of metal discs partially 
immersed in the condeiuin); water, as they revolve a current of air Ih 
forced over them by the fan, V, iig, 886 ; x, outlet for vapour and air 
from fan. 

Other special varieties of condenser are known as Ejector con- 
densers, and liave no air pump or moving parts ; tliey are almost the 
same in constructioa as the QifFards Injector, and are kept at work 
by a stream of cold water from a tank overhead ; tlieir action is con- 
tinuous, and they keep a fair vacuum. 

The economy obtained by using a condeosur varies too much in 
practice to allow of a definite figure being given, but it may be taken 
OS from 16 per. cent, upwards. 



(c.) Feed Futnpa. 

Feed pumps are made in endless variety, according to their 
position on the engine or boiler ; formerly all engines had a feed 
pump attached to some part of the frame or bed, now the tendency 
is to have a separate feed system, worked by its own donkey engine, 
placed close to the boilers. Locomotives depend upon some form of 
injector, and very ofteu on lai^ portable or under-type engiDce an 
auxiliary feed by injector or donkey pump is provided. When a 
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S88 , FEED PUMPS. 

range of boilera is fed from one pump, there must be & feed escape 
valve, placed so as to command the whole feed syatem, and loaded bo 
as to blow off a little above the Iwiler pressure, and this valve should 
be in a conspiciioiia poaitioa ; if any obstruction occur this valve 
will blow off and show tliat there is something resisting the flow of 
the wat^^r. 

An ordinary feed pump fur bolting down to the engine foundation, 
and worked by an eccentric, ia shown in fig. 887. A method of 
disengaging the plunger, is sliown in upper fig., this method is ofteov 



Fig. 8M. Fig. SOS. 

used in slow moving pumps when roquii'ed to do intermittent work, 
but is not often applied to boiler feed pumps. 

Figs. 692—693, show a simple boiler feeding donkey pump. 

F F, the frame by which the pump is bolted to the wall ; W, the 
fly wheel ; S, the crank shaft ; R, a small crank pin for working the 
slide valve ; P, the steam piston ; B, the pump plunger ; V d, the 
delivery valve ; V i, the suction valve ; H, a hand lever for working 
the pump by hand when required. 



FEED-WATEB HEATBR8. 



(d.) Peed- Water Heaters. 



Feed-water Leatera are extensively used, and effect great economy 
in fueL They may be considered as a reversed surface condenser, the 
exhaust steam being used to warm the water as it passes from the 



Fig. 8H.— FsBd.Wata BttUt, b; tSfsart. Hinhall Boni k Co. Ltd., OnlnBlnn). 

pump to the boiler, two examples ate shown in figs. 894 — 895. Feed- 
water heaters of this type are sometimes placed horizontally. If 
pure water- could be used, the healers would work efficiently for long 
periods, but aa water always contains mineral matters which are 
partially precipitated when tlie water is warmed, the heater tubes 
become coated with scale, and have to be cleaned. Occanionally, the 
feed water seems to select certain tubes for ils flow, and not infr«- 
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quently, if the heaters have been neglected, only some of the tubes 
are deeply scaled,* the rest being comparatively free ; baffle plates, to 
ensure good distribution of the water, would possibly prevent thii 




selection. From the scaling it is obvious that feed-water heattra are 
to a certain extent feed- water purifiers, and if of ample sire, must act 
beneficially in this direction. In some feed-heaters, the tubes are re- 

* An iostance of tbia occnrred in practice whera a, verUca! heater of the 
ubare type, witb about 65 tubes, had beeo in use for & loug time withonl 
cleaoiug, upwards of GO of the tnbes were totally blocked up, and the 
remainder earaparatinl; clear. 
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placed by an arched branch of exhaust pipe, surrounded by a 
chamber through which the feed is pumped. Such heaters are fairly 
efficient, more so than would be supposed from the small heating 
surface, and can be readily cleaned. 

Other types of heaters depend on a small jet of water from the 
pump, carrying the exhaust steam with it into a tank, and thus 
heating the water. 

The maximum speed of the feed water in any part of the feed 
system, should not exceed from 3 to 4 feet per second. 



Table 84. — ^Dimensions of Feed-Water Heater 

(Figs. 895—898). 
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177-5 


44^ 

1 
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7 
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All Dimensions are given in Inches except the HeatiDg-surface. 
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SECTION VL 

EXAMPLES OF VABI0X7S TYPES OF HOBIZOITTAL 
AND VERTICAL ENGINES FBOIC ACTUAL PRACTICE. 

With Tables of DixnenflioiiB, Weights, &c. 




Horizontal Engines of the more usual Types. 

Engine with forked or Y frame, 
bent or slotted out crank shaft, 
arranged to cs.ttj the fly-wheel 
outside the bearings on either side 
of the engine, frequently known as 
* * self-contained " horizontal engines. 
These engines are usually made 
with cylinders from 5 to 12 inches 
diameter, the stroke being from 1 J 
to 1^ times the diameter. 

Girder or " Corliss " Frame 
Engines, with cylinder bolted 
on to end of, and overhanging 
the girder. Frame unsup- 
ported except by a foot at 
each end. Crosshead guides 
cast in the frame for small 
and medium -sized engines, 



Fig. 899. 




Fig. 900. 



and either bored or with planed flat surfaces. 




) ^nM> ^^ >W <> ^ l^ll ll l ^M i W W« W^ l^ ^ » w^ ^^'WM>J^'«^^^xs^y^^*^^»w«c»w»aw^«^ 



Fig. 901. 

small and medium-sized engines. 



Girder type of engine 
supported by feet on cylin- 
der, and at end of frame 
under crank shaft bearings. 
Piston rod extended and 
guided through back cylin- 
der cover. Crosshead guides 
cast in one with frame in 



HOBIZOHTAL RNOUIES. 




Semi-Girder type of engine, with half the length of frame bolted 
down to foundation, and with support under cylinder. 



Condensing engine, with air-pump at back of cylinder and worked 
by tail lod. 
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Leading Dimensions of Single Cylinder Horizontal 
Engines, with and without Condensers. 



it: 



u 







Fig 005. 



Table 90. — Overall Dimensions of Horizontal Engines 

(Fig. 905). 



H 


a 


ft 


c 


d\ e \ f 


1 

9 


h 


1 

t , k 


I 


m n 

1 


16 


75 


9 


27{ 


51 


75 


8 


22 


36i 


15} 







20 


90 


10} 


29} 


57 93 


10 


26| 


42 


18i ; 30i 


71 


17| 


33i 


24 


105 


12i 


31J 


63 


110 


12 


31i 


48 


21i 


36 


77 


19 


39 


28 


122 


14 


34 


69 


130 


14| 


36^ 


54i 


23} 


40^ 


82 20 


47 


32 


136 


15i 


35i 


75 


150 


17 


41 


60 


26 45 


98 !23} 49 


36 


151 


17 


m 


83 


165 


20 


45^ 


66 


28} 


50 


108 ' 27 J 


65 


40 


168 


18i 


43i 


90 


185 


21| 


50 


73i 30} 


55^ 


118 36 65 

1 1 



All Dimensions are given in Inches. 
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Floor Space required for Single Cylinder Horizontal 
Engines, with and without Condensers. 








Figs. 906, 907. 

Table 91. — Floor Spade Dimensions for Horizontal 

Engines (Figs. 906, 907). 



Without condenser, flg. 906. 



Withcondensei 
I fig. 90r. 



H 




^ 


B 


126 


40 


181 


60 


196 


60 


245 


69 


277 


119 


307 


130 


333 


142 



a 



32 
36 
39i 
43i 
47 
51 
55 



63 
67 
71 
75 
79 
83 
87 



20 
20 
24 
24 

28 
28 
28 



G 



24 
28 
32 

36 

40 
44 
48 



110 
130 
144 
160 
173 
189 
205 



209 
268 
291 



318 



231 

264 I 359 
344 : 300 399 
384 ! 342 449 
495 



418 ! 384 
448 420 



535 



All Dimensions are given in Inches. 



FLOOR SPACE FOR HORIZONTAL COUPLED ENGINES. 801 



Floor Space required, Horizontal Coupled Engines, with 

and without Condensers. 
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Fig. 908. 



Table 92. — Floor Space Dimensions for Horizontal Coupled 

Engines (Fig. 908). 



H 


A 


B 


M 


a 


1 


c 


a 


< 
F 


C 


L 


16 


1 
1 
1 


106 


82 


32 


1 63 


20 


24 


169 1 






20 


181 


118 


90 


36 


67 


20 


28 


189 , 231 


318 


24 


196 


130 


96 


39^ 


71 


24 


32 


1 
209 264 


359 


28 


245 


142 


104 


43i 


75 


24 


36 


228 300 


399 


32 


277 


152 


112 


47 


79 


28 


40 


246 


342 


449 


36 


307 


169 


118 


51 


83 


28 


44 


274 


384 


495 


40 


333 


173 


126 


55 


87 


28 


48 


283 420 


535 



All Dimensiong are given in Inches. 
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WEIGHTS OF ENGINES. 



Weights of Engines in Detail. 

ag tables 
CI = Cast iron. 



In the following tables — 



WI = Wrought iron. 
M = White metal. 
B = Bolts. 



St = Mild steeL 
CS = Cast steel. 
G = Gun metal. 




.,-.1.4 g-.-l , 



m^6 




Fig. 909. 



Fig. 910. 



Table 93.— Weights of Engine Frames and Crossheads. 



Engine. 


Frame (Pig. 909). 


Crossliead. 
(Fig. 910). 


Stroke. 

Diameter 
6f Piston. 


Frame. 


Bearing 
Cap. 


Brasses. 
Wedges. 


Frame complete with 
Bearing Cap. 


Crosshead. 


• 


• 

S 


H D 

1 
^ 

12 6 


a 


b 
CI 


c d 
G WI 


CI 




Total. 


e / 




CI 


G WI 


1 
1 

B 


CI ; St. 

15! 2 

1 




700 






700 


1 
1 


700 


17 


16 


8 


830 


30 


13 — 


860 


1 

12 — 

1 


8 


880 


24 2 


26 


20 


10 


1060 


57 


18 11 


1117 


18 11 

i 


11 


1157 


42 4 


46 


24 


12 


1540 


90 


26 15 


1630 


26 15 

1 


15 


1685 


64 7 


71 


28 


14 


2100 


140 


37 17 


2240 


37 17 

1 


17 


2310 


90 11101 


32 


16 


2816 


220 


53 19 


3036 


53,19 

1 


18 

1 

1 


3125 


120 ; 15 135 

1 


36 


18 


3740 


290 


70 22 


4030 


70 22 23 

1 ' 


4145 


155 19 174 

i 


40 20 


5060 


370 


88 


24 


5430 


88 24 


23 


5565 


194 24 218 

1 


44 


22 


6600 


470 


110 28 


7070 


110 28 

1 


26 

1 


7234 


234 


31 265 



Dimensions in Inches, Weights in Founds. 
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Weights of Engines. 
Pistons, and Piston Bods. 




^ i ^^— / 



C 

Fig. 911. 



Table 94. — Weights of Pistons and Piston Bods. 



Engine. 



4» 

I 

4-1 



H 



12 
16 
20 
24 
28 
32 
36 
40 
44 
48 



■So 

Q o 



D 



ca 
5 

OD 

a 













bb 








a 








•c 




• 
00 


> 

o 


Inner 


• 

IB 


Screw 


b 





d 


e 



I 

a 
o 



Fig. 911. 



Piston complete with rod. 



a to / 



CI ; CI , CI 



6 



St 



St 



CI 



G 



St 



6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

28 

32 

36 

40 



15 
20 
26 
33 
44 
66 
92 
121 



4 
7 

10 
18 
26 
40 
57 
73 



179 I 95 
220 1 128 
330 187 



450 



253 



572 ' 330 

72;) ; 418 



9 
13 

18 

24 

30 

40 

57 

68 

92 

125 

191 

260 

338 

429 



4 
4 

7 

tea 

/ 

9 

11 

13 

18 

22 

26 



4 

4 

7 

7 

9 

11 

15 

20 

23 

33 



7 

13 

24 

57 

88 

121 

154 

200 

286 

396 

726 

1188 

1738 

2420 



28 

40 

55 

75 
100 
146 
206 
262 
366 
473 
708 
963 
1240 
1567 



4 

4 

7 

7 

9 

11 

13 

18 

22 



7 

13 

24 

57 

92 

125 

161 

207 

295 

407 

741 

1208 

1764 



Total. 



26 1 2453 



35 

53 

79 

132 

196 

275 

374 

476 

570 

891 

1462 

2189 

3026 

4046 



Dimensions in Inches, Weights in Founds. 
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WEIGHTS OF ENGINES. 



Weights of Engines. 
Crank Shafts, Fly Wheels and Outside Bearing. 






Fig. 913. 



Fig. 914. 



Table 95.~Weight8, Crank Shafts, Fly Wheels and 

Outside Bearings. 



Engine. 


Cranl 


kShaf 


t (Fig. 912). 


1 

F] 
(I 


ly Wheel 
'ig. 913). 


Outside Bearing 
(Fig. 914). 


• 

1 


Diameter 
of Piston. 


K 


Governor 
Pulley. 


+ 

+ 

55 


Bolts and 
Rings. 


+ 


Block and 
Cap. 


• 

1 


a: 

a 

o 


 

+ 




D 


a 


h 
St 


c 
CI 


1 


e 
WI 




/ g 


k 




H 


St 


Total. 


CI 


Total. 


CI G 


WI 


Total. 


12 


6 






385 


385 


1 
1 

1 






16 


8 


— 






— 


1045 




1045 










20 


10 


325 


5-5 


27-5 


358 


1650 




1650 


110 


14 


11 


135 


24 


12 


528 


8 


39 


575 


2530 




2530 


242 24 


18 


284 


28 


14 


836 


10 


54 


900 


3520 


44 


3564 


352 35 


23 


410 


32 


16 


1255 


14 


66 


1335 


5012 


48 


5060 


462 


48 


32 


542 


36 


18 


1760 


15 


80 


1855 


6548 


52 


6600 


554 


62 


44 


660 


40 


20 


2244 


18 


92 


2354 


8963 


57 


9020 


660 


77 


55 


792 


44 


22 


3256 


24 


110 


3390 


13138 


62 


13200 


770 


88 


66 


824 



Dimmiions in Indies. Weight in Pounds. 
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Weights of Eagines. 
Rider's Valves and Valve Bods. 







rZ^^ 




Fig. 915. 



Fig. 916. 



Table 96.— Weight of Rider's Valves and Valve Bods. 



Engine. 


Rider's valve, flg. 


915. 


Valve rods, flg. 916. 


1 


Diameter of 
piston. 


1 

a 

•FN 


• 


Expansion 
valve. 


• 

+ 


2 


Guide piece. 


Cotters and 
bolts. 


Adjusting 
pieces. 


$ 

+ 


1 

1 


a 


b 


1 
1 c 




d 


e j / 


^ 




H j D 


CI 


CI 


! CI 


Total. 


St 


1 ' 

WI St 


G 

1 


Total. 


12 


6 


— 




1 

1 






9 ' 1 

1 1 


18 


16 


8 




— 






9 


: 13 1 

1 


1 


24 


20 10 

1 


42 


6-6 


4-4 


53 


13 


22 2 


1 


38 


24 


12 


66 


13 


9 


88 


18 


35 2 


1 


56 


28 


14 


100 


22 


15 


137 


24 


52 


3 


3 


82 


32 


16 


145 


33 


26 


204 


31 


70 


4 


5 


110 


36 18 


194 


46 


35 


275 


40 


88 7 


5 


140 


40 


20 


242 


62 


48 


352 


48 


105 


7 


5 


165 


44 


22 


290 


84 


66 


440 


57 


123 


8 


5 


193 
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WEIGHTS OF ENGINES. 





Pig. 917. 



Fig. 918. 



Table 97.— Weights of Cylinders with 



Engine. 


1 


Front cover. 


Gland. 


4 

a 


Bush. 


• 

1 

o 
PQ 


• 

§ 
5 


1 

pq 


• 
X) 


Casing. 


1 

*» i 




• 

«> 

1 


Diameter 
of piston. 


Valve ches 
covers. 


« 




D 

6 


a 


h 1 
CI 

13 


c 

CI 
4 


d 
G 

0-7 


e 

Q 
0-4 
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Dimensions in Inches, Weights iu Pounds. 
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Weights of Cylinders, Covers and Staffing Boxes. 



Note : in Table 97, Cylinders from 12^ to 16'' stroke have 
simple valve gear ; those from 20" to 44^^ stroke have Rider's valve 
gear with closed valves. 



Covers and Stuffing Boxes (Figs. 917, 918). 
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Note. — Cylinders with jackets weigh 18 per cent. more. 
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Weights of Sngines. 
Connecting Bods, Cranks, and Crank Pins. 




Fig. 919. 




Table 98. — ^Weights of Connecting Bods, Cranks, 

and Crank Pins. 
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Connccting-rodR, fig. 919. 
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Cranks and erank-pins, fig. 920. 
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.Note.— Cast-iron cranks are about 20% heavier. 
Dimensions in Inches, Weights in Pounds. 
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WeightB of Engiaes. 
Eccentrics and Eccentric Rods. 



Table 99.— Weiglits of Two Eccentrics 'and Bods. 
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Weights of Engines. 
Talva Bod Ouides, with OoTemor Bracket, Bevel Wheels, 
Spindlei, and Iievera, exclusive of Qovemor and Spindle. 




Table 100.— WeiglitB of Oovemor Bracket, 4c. 

(Figs. 924, 925). 
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DJmendofa in Inches, Wel^iti In Ponndi. 



WEIGHTS OF ENGINES. 



311 



Weights of Engines. 

Foundation Bolts and Plates, Guard Bail, and Barring 

Apparatus. 



#1-^ 



Fig. 926. 




Fig. 927. 




Fig. 928. 



Table 101.— Weights of Foundation Bolts, &c. 
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DimeDsiona iu Inches, Weigbta in Foands. 
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Xhigine Foundatioiis. 

The depth of is in some measure determined by the nature of the 
ground. It may be necessary to go down a great depth to reach a 
solid basis whereon to build, and to fill up with coarse concrete up to 
the level of the foimdation bolts and then begin the foundation 
proper. The material depends on the district ; in some districts con- 
crete is the most ready material, in others brick or masonry. In 
cases where a building for manufacturing purposes has to be erected 
on very loose groimd and where concrete is easily obtained, it is a 
good plan to floor the whole area occupied by factory, engine and 
boiler house with a bed of concrete of sufficient thickness, and to 
build all structures on this bed. Settlement is very unlikely to take 
place with such a system, as the weight is distributed over the largest 
possible area of the loose ground. 

For brick foundations each course should be grouted in thoroughly 
with good cement, and all bolt holes formed by inserting wood bars 
about 3^ to 4^ square, the lower end of these resting in the founda- 
tion plates, and the upper ends in a template fixed in places ; the 
wood bars are afterwards withdrawn and the bolts inserted. When 
the engine is in place and bolted down, the spaces round the bolts 
may be filled in with cement grout. In concrete the same plan with 
regard to the bolt holes may be used. 

With masonry foundations the holes are usually cut through. A 
top course of stone is very good on brick foundations, but is expen- 
sive in districts far from the quarries. 

When the first motion drive from the engiue is through spur or 
bevel wheels, great care should be taken with the foundations, and if 
of concrete as much time as possible should be allowed after build- 
ing before the engine is started. The most convenient form ot 
foundation bolt is perhaps the cottar bolt, as it can be passed down 
the hole in the foundation without trouble, and should such an 
accident happen as a defective bolt, it can be rej)laced. In small 
work ordinary bolts wdth heads and nuts are much used, being built 
in the foundation. 



Note, — ^The particulars given in Tables 85 to 101, and the corresponding 
illustrations, are from engines of continental make, and are given exactly as 
they appear in the 3rd edition of M. Haeder's book, ''Die Dampfmaschine," 
except that the dimensions are converted into Englbh measures. 



SECTION VII. 

PABTIGTJULBS OF STANDABB ENGINES BY 

ENGLISH HAXEBS. 

The following Tables, 105 to 129, give the particulars of small and 
medium-sized engines by English makers who manufacture large 
numbers of these engines, and have given every attention to details 
of construction and design ; they may therefore be taken as examples 
of best English practice in the various types of which tables and 
illustrations are given. 

Descriptions of some of the special valve gears applied to these 
engines are given in the Section on Valve Gears, and examples of 
indicator diagrams from actual practice are given in the Section on 
Indicator Diagrams. 

The particulars in each table were supplied by the makers them- 
selves. 
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STANDARD ENGINES BY EN6USH MAKERS. 
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Table 112.— Particulars of Compound nnder-type 
Engines by UesBrs. E. B. &, F. Turner (Fig. S " 



Diameter of umall cylinder 


!' 


8 


9 


10 


Diameter of large cylinder . 


' Hi 


121 


14 


16 


Length of stroke . 


12 


14 


16 


18 


Eevolntiona pei rjinute 


180 


155 


135 


120 


Piston speed i-i feet per minute 


' 360 


360 


360 


360 


Beat average indicated horae-power 


38 


60 


63 


78 


Diameter of craiik-sliaft . 


34 


3| 


4i 


5 


Diameter of fly-wheel . 


60 


72 


72 


84 


Width of fly-wlicel . 


8 


9 


lOJ 


12 


Weight of fly-wheel, cwt. . 


8 


13 


16 


22 


Height to centre of hoiler 


 42i 


4d 


58 


66i 


Height to centre of crank-shaft . 


13 


14i 


17 


19i 


Diameter of boiler-barrel . 


1 34i 


36i 


40i 


47 


Length of boiler-barrel 


112 


12H 


132 


142 


Heating-surface in square feet . 


' 187-5 


250 


312-8 


390 


Area of tire-grate in square feet 


6'06 


6-6 


8-2 


10-25 


Width over all .... 


86 


91 


102 


116 


Working pressure in Iba. per aij. in. 


140 


140 


140 


140 



N.B,— The heatang-surtaces and bailer dimensions in the table are 
giveu for ordinary English coal i for inferior and colonial coal, about 
25 per cent, should be added to grate area and flre-bsx heating surface. 
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HesBFi. E. B. & F. I 


liniOT (Fig. 940). 




Diameter of small cylinder 


7 


6 


9 


Diameter of lai^e cylinder . 


lU 


12| 


14 


Length of stroke 


12 


14 


16 


Revolutions per minule 


1 180 


155 


133 


Piston speed in feet pet minute 


36(1 


360 


360 


Best average indicated horse-power 


' 36 


48 


60 


Diameter of crank -shaft . 


: 3| 


H 


*i 


Diameter of fly.wlieel . 


1 60 


72 


72 


Width of fly-wheel . . . 


8 


9 


lOi 


Weight o( fly-wheel in cut. . 


8 


13 


16 


Diameter of boiler-barrel . 


34J 


36J 


40i 


Unglh of boiler over aU 


' 147 


161i 


179 


Heating-surface in square feet . 


' 187-J 


250 


312-8 


Area of grate in square feet . 


5-OG 


6-6 


8-2 


Length over all ... 


158 


173 


192 


Width over axlea .... 


87 


89 


93 


Height to top of boiler 


' 109 


118 


126 


Working-piesBUre in lbs. per »i in. 


140 


140 


140 



DliDcneiani iD Incbea. 

imarke as to heating-surface in Table 112. 
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Table 114.— Particul&»of Singrle-Cylinder Portable Engines 
b7 Xenn. E. B. & F. Turner (Fig. 941). 



Diameter of cyliiKler. 6 6| TJ 


8i , 9 ^ 


lOi 


LeDgth of stroke ...» lOJ ' lOJ 


12 ' 12 ' 12 


12 


Reva. per mimite .180 150 150 


130 130, 130 


130 


Piston speed in feet j | g^^ ggg ^^ 


260 260' 260 


260 


Bwt aver, indie. H.P. 


6 8 1 10 


12 , 14 1 16 


20 


Diani. of crank-»haft . 


n]H] 2i 


2| 3 3 


3i 


Diam. of fly-wlieel . 


45 


52 


52 


60 60 ' 60 


60 


Width of fly-wheel . 


44 


5 


5 


6 6 6 


7 


Weight of do. cwt. 3 


H 


H 


6J :6| 6i 


H 


Dinm. of boiler- barrel 


24 


29 


29 


awg 33i 33i 


34i 


Length of do. . 


62 


67 


81 


83 :80a! 85f 


9.H 


Heating-surface, si^. ft. 


59-4 


78'36 


96-37 


109-03 128 144'27 


172-29 


A rea of fire-grate, sq. ft. 


2-02 


2-38 


2-96 


3'27 3-6l| 4-12 


5-01 


Approx. weight, cwt. 


40 


50 


57 


65 74 ' 82 


95 


Length over all . 


96 


112 


120 


126 |126, 132 


138 


Width over axles . . 


58 66 


66 


73 77 i 79 


82 


Heighttotopfly-wheirl 


75 93 


93 


99 104 106 


110 


Working- pressure in 1 
lbs. per sti. inch . j 


« 80 


80 


80 j 80 80 


80 



DlmeoBkiiia In Incbea. 

See remarks as to heating-Bitrfuce, &c, in Table 112. 
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Poi-table engines have been and are stUl manufactured in large 
numbers in England, and have ^ttled down into few varieties. In 
tlie lirst portable engines, presauKB were low and there was no objection 
to throwing the whole strain of the working on to the barrel plates of 
the boUer, Now, however, with higher pressures the tendency has 
been to relieve the boiler as much as possible of the working atraiu 
due to the pressure of steam on the piston, hj adding stay bars 
between the cylinder and the crank shaft bearinga, or in some cases 
of mounting the engine on a frame of ita own which is then bolt«d 
to stools rivetted ou the boiler ; this would seem to commend itself 
on account of the facilities of packing for export, and facility of 
carriage up difficult countries. 

From the portable engine the road locomotive or traction engine 
has been developed, and the number uf these for farm purposes 
increases every year ; they do not differ greatly from the portable 
engine as far as the engine itself is concerned, but have the addition 
of gearing and travelling wheels of various designs. 



Compound portable engines have come into favour for the larger 
sizes ; the cylinders of these are usually arranged side by side. 
Fig. 941a, and the cranks at right angles, the receiver taking the 
form of a pipe under the cylinders and concealed in the casing so that 
the receiver has the advant^e of being well protected from cold 
air, and from its position close to the boiler top is kept in a hot 
atmosphere. The eteam pipe in portable engines is reduced to a 
minimum in length and the steam jacket can be readily drained 
direct into the boiler ; these are great advantages and no doubt 
contribute to the very economical results which are obtained from 
portable engines. 
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Fig. 948. 



Table 116. — Particulars of Floor-Space occupied by Coupled 
Compound Condensing Engines by Messrs. E. B. 6b 
F. Turner (Fig. 943). 



Diameter of cylinders . . 


9& 
14 


10 & 
16 


11 & 
18 


12 & 
20 


13 & 

21 


14 & 
23 


15 & 
25 


16 & 
26 


Length of stroke 


16 


20 


20 


24 


24 


28 


28 


36 


Distance from cyls.to .vail a 


30 


30 


30 


30 


30 : 30 


30 


30 


n »> >> ^ 


36 36 ' 36 

1 


36 


36 1 36 

1 


36 


36 


» » » ^ 


12 12 12 


18 


18 


18 


18 


18 


1 i 

Total length of engine C , — 201 2(il 

1 


237 


237 272 272 1 342 


Total width of engine room/ 173 ' 176 176 188 

1 1 


190 199 202 210 

i 


Distance between centres g^ 
of cylinders 


78 


78 


78 


84 


84 


90 


90 


96 


Total length of engine t 
room . . . . 


— 


249 


249 


285 


285 


320 


320 


390 



Dimensions are given in Inches. 
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Fig. 044. 



TiLBLE 117. — Particulars of Floor-Space Occupied by Tandem 
Compound Condensing Engines by Messrs. E. B. & 
F. Turner (Fig. 944). 



Diameter of cylindei-s 

Stroke of piston 

Total lenorth of engine-room L i — 327 



9&10&11 &'12&13&14& 



14 I 16 
. 16 20 



Total width of engine-room F 



18 20 21 I 23 
20 24 24 28 



327 i 381 381 



15 k 16 & 
25 I 26 



28 



— , 107 , 107 



121 121 



Distance from engine to wall c 15, 15 I 15 i 15 15 



15 I 15 



» 



)» 



»> 



» 



>» 



d 1 36 36 ; 36 , 42 42 i 42 42 



Length over all of engine C ; — 



276 276 '324 324 



36 



15 
48 



„ (/ 30 30 30 30 30 30 30 ; 30 



Dimensions are given in Inches. 
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Table 119.— FarticnlarB of a Double Cylinder Vertical 
Engine* hj Heura. Bobey & Oo. (Fig. 945). 



Nominal horse-power 


16 


Width of fly-wheel . 


11 


Diameter of cylinders, each 


H 


Height to centre of \ 




Length of stroke 


12 


crank from under side [ 


11 


Bevolutiona per minute 


140 


of standard . . . ) 




Best average I.H.P. . . 


32 


Total height . 


79 


Diameter of crank-shuft . 


4 


„ width .... 


60 


Diameter of fly-wheel . . 


60 


„ lengtli . 


80 


Weight of flywheel, cwt. . 


Jl 


Approx. weight in cwt. 


54 



* FOrBDltB. tx^Ti 
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TabiiB ISO.— Farticulan of Compound Undertype Engrines 

by Heaars. Robey & Co. (Fig. 946). 

Uiameter of H.P. cyliii(l.;r 1 Sj | 13j 

Diameter of L.P. cylinder . . . . 9i ; 23 

Lengtli of stivko 12 24 

Bi;voltitionB per minute 200 j 100 

Best average I.H.P. j 24 I 160 

Diameter of crank-eltaft 3^ 8 

Diameter of fly-wlieel  68 , 96 

Widtli of fly.wbeel 7^ 23 

We^ht of fly-wlieBl in cwts. . . . . 8^ 96 

Height to centre of boiler . . . 46 94^ 

Height to centi'e of engine 15^ 33^ 

Diameter of Iwilet , 31§ 61 

Lengtli of boiler ' 128 ' 231 

Heating-aurface in square feet . . .  169'4 , 757'7 

Orate area in apiare feel ' B'S j 21-8 

Width over all ' 63 ! 126 

Approx. weight, cwls i 50 . 380 

Boiler-presaure i 140  140 
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Fig. 947. 



Table 121.— Particulars of Horizontal Girder Engines by 

Messrs. Robey & Co. (Fig. 947). 



Nominal H.P. 



Diameter of cylinder . 
Length of stroke 
Revolutions per minute 
Best average I. H.P. . 
Diameter of crank-shaft 
Diameter of fly-wheel 
Width of fly-wheel . 
"Weight of fly-wheel, cwts. 
Height to centre of cylinder 
Total length over all 
Total width over all . 
Total weight, approx. in cwts. 
Boiler-pressure . 



8 



so 



9 


18 


18 


36 


116 


75 


20 


100 


4 


! 8 


66 


144 


8 


17 


18 


90 


15 


28 


125 


247 


65 


134 


48 


270 


80 


80 



Dimensions are given in Inches, 
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Table 122.— Particulars of Compound Coupled Hon-c 
denaing Engine hj Hessrs. John Fowler & Co. 



Diameter of high pressure ) 
cylinder . . j 


10 


11 


13 


15 


174 


Diameter of low pressure ) 
cylinder . . .A 


16 


17i 


23 


24 


27i 


Length of stroke 


20 


20 


24 


30 

1 


36 
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Table 123.— Particular  of Compound Undertype Enginea 
by Uesara. Jolm Fowler A Co. 



Diameter of high pres- { 
sure cylinder . . J 


H 


1 
6f 7i 


8 


9 


10' 11 1 12 


13 


17 


18 


Diameter of low prea- ) 


9 


lOi 


Hi 


12| 


U 


16 17J' 21 


23 


27 


29 


Length of stroke 


12 


14 


u 


15 


16 


18 18 24 


24 


30 


30 



Dimeiulaiii *n givtu in Incbe*. 
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Table 124.— Single Cylinder Vertical Engines (Fig. 95()) 

by Davey, Paxman ft Co. 



Nominal H.P. 


2 


3 4 5 


6 


8 


10 


12 


Diameter of cylinder . . 


H 


5J 6i 7J 8J 


H 


loi 


12 


Length of stroke . 


6 


7 7 8 8 

1 1 


9 


10 


12 


Kevolutions per minute \ 


300 
400 


260 260 225 225 
350 350 300 '300 


200 
260 


180 160 
250 220 


Best average I. H.P. . . 


5 


n 10 12J 15 


20 


25 30 


Diameter of fly-wlieel 


42 


42 42 48 48 


48 


54 54 


Width of fly-wheel . . 




4 5 5 6 

1 




8 8 



Table 125.— Double Cylinder Vertical Engines by 

Davey, Paxman & Co. 



Nominal H.P. 


4 


6 


1 ' 1 

8 10 12 16 20 25 

! 


Diameter of cylinders . . 


4J 


5i 


6i 


7i ' 8J ' 9i 1 10^ 


12 


Length of stroke 


6 


7 ; 7 , 8 8 ! 9 


10 12 

1 
1 


Revolutions per minute j 


300 
400 


1 
260 260 
350 350 


1 

225 225 200 

300 300,260 

1 1 


180 
250 


160 

220 


Best average LH.P. . . 


10 


15 20 


25 30 40 , 50 62 

1 


Diameter of fly-wheel 


42 


42 42 \ 48 48 48 1 54 60 

1 


Width of fly-wheel . . 





6 718 9 ' 10 

1 1 


11 12 

1 



AH Dimensions are given in Inches. 
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Undertype Engines by Messrs. Davey, Pazman & CrO. 



Table 126.— Compoimd Engines (Fig. 951). 



Nominal H.P. 


8 


10 12 

1 


16 


20 25 30 

1 1 


35 


40 


50 


60 


Diameter of high pres- ) 
sure cylinder 


5i 


6i 


7 


1 
8 9 

1 


1 

10 11 

1 


12 


12| 


14 


16 


Diameter of low pres- 
sure cylinder . j 


9 


lOi 


Hi 


13 14J 


16 


17i 


18| 


20 


22i 


25 


Length of stroke . . 


14 


14 


14 14 


14 


18 


18 24 


24 24 

1 


24 


Kevolutions per minute 


155155165155155120120 90 90190 


90 


Best average I.H.P. . 20 25 30 

i 


40 50 62 75 80100125 


150 


Diameter of fly-wheel . 60 60 


60 


66 


66 84 84 102 102 

1 i 1 


102 102 

1 


Width of fly-wheel ..78 

1 1 


9 


10 


11 


12 14 15 17 

1 


20 '22 

1 1 



Table 127.— Single Cylinder. 



Nominal H.P. . 


1 
4 


5 


6 


8 


10 


12 


Diameter of cylinder . . 


^ 


n 


8i 


9i 


lOi 


12 


Length of stroke . 


12 


12 


12 


12 


14 


14 


Revolutions per minute . . 


125 


125 


125 


125 


115 


115 


Best average I.H.P. 


6 


12i 


15 


20 


25 


30 


Diameter of fly-wheel . . 


52 


60 


60 


60 


66 


66 


Width of fly-wheel 


5 


5 


6 


7 


8 


9 



All Dimensions are given in Inches. 
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SECTION VIII. 

COMPOUND ENGINES. 

The early compound engines by Woolf had no intermediate receiver, 
and the passage of the steam was direct from the high to the low 
pressure cylinder. In some cases, as in figs. 953, 954, both pistons 
moved together in the same direction. A form of valve suitable for 
this kind of engine is shown in fig. 954, which also gives a section 





Fig. 953. Fig. 964. 

through the cylinders with arrows to indicate the course of the steam 
through the ports and passages. In this arrangement the passages 




J '^. ^ 






^ 




Fig. 955. Fig. 956. 

to the low pressure cylinder are long and thus give a large clearance 
space. 

In the arrangement shewn in figs. 955, 956, the pistons move in 
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opposite direi^iona. The clearance space here is less than in the 
former example, figs. 953, 954. 

The indicator diagram, fig. 957,isfroin an arrangement like fig. 856, 
with cut-off at i in the high, and at '8 in the low pressure cylinder. 

In these types of compound engines, it is a gocnj plan to have the 
cut-off in the high pressure cylinder controlled by the governor, and 




that of the low variable by hand. The side-by-side cylinders, with 
pistons moving together as fig. 954, have been much used for beam 
pumping engines. 



Tandem Compound Engine. 

The tandem horizontal engines, as fig. 958, often have a receiver 
even if it only takes the form of a large connecting pipe. These 
engines take up but little room in the width, but are rather long. 

Examples of the various methods of connecting the high and low 
prensure cylinders of tandem compound engines are shewn in figs. 
959—963. 




ooMwrsD EsemK- 




5S^ 




^itfc Uw CWnk*  




Thi- o..>U.,« >U«r«,»^ lig. sot »1>=" 't. dirr.r..U po.— » 
,i»i,k. .U..I Vi»l"n« i" » «'mi[«>"ii'l "OlS™ ""' '*"" ""^ *' "" 
,„..l,- I,, ^^a, o,W.-, imd Bft 965 »liew» the iniioitor diagram, com- 
.l,",a..^ lo ilK- i«o o.Uu.ki^ H m fig. 965 givo. tie po..tioior 
Vli.v Infill i>iv^^inv .;iJUik, uiul S that uf tie low. 

lu * v..i.iK>m.a eusiues i>t thi» kiml, the cutr<itf in the high ptewuts 
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cylinder is usually controlled by the governor, and that of the low is 
either fixed or better varied by hand. 




Fig. 0C5. 



Ratio of Cylinder Volumes of Compound Engines. 




h 



tat 
4 



--^--^ 




.y. 

Fig. 966. 

From the theoretical diagram, fig. 966, the ratio of the cylinder 
volumes can be determined : 

t = the temperature of the entering steam. 
f = pressure of the entering steam. 
Iq — the temperature of the exhaust steam. 
|3o = pressure of the exhaust steam. 
The mean temperature of the cylinders should be equal to half 
the total fall of temperature. Let the range of temperature difference 
in the two cylinders be taken as nearly equal as possible, then 

A k 



STANDABD ESGIKB8 BT EKOLiaH HAKKBS. 



Fig. 99!l.~-RiKtiytT with tube" fi 



£^;*o.iii 




Triple Ezpanaion En^rmeB. 
a. Htarine EngineB. 

The number of triple expansion engines built i 
year, and it is now the recognized type for marine engines with boiler 
pressure of about 160 llja. per square inch. Four different arrange- 
mentA are in use.| 

* "Zeilscfarift d. Verein Dentech Ingenienr," 1890, plate 22. 

+ Eiufinetring, 1891, p. 7B0. 

j These ursngemsnU are from a. paper bj Otlo J. Mllller, Jan., "Zeit- 
iofarift d. dentscbea Verein Ingenieur," 1387, page U5. See also "Pro 
eoedinga of the Inttitntion of Mecfaanienl BnKineen," July, 1891. 
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Proportions of Cylinder Volumes with equal strokes for 

Triple-Expansion Eng^ines. 










SA. 






j^ 






— jf. 

Fig. 981. 



From the diagram fig 981, the proportions of cylinder volumes 
can be determined : 

t — temperature of entering steam. 

/) = pressure of the same. 

i^ = temperature of steam in inter, cylinder. 
|?i == pressure of steam in inter, cylinder. 

i^ = liemperature of steam in LP cylinder. 
Pi ~ pressure of steam in LP cylinder. 

Iq — temperature of exhaust steam. 
^0 = pressure of exhaust steam. 

Taking the mean temperature to be half the extreme difference, 

t _ 2< + <o 

t,- -^ 

Then taken the corresponding pressures p^ and |?j, the diagram can 
be divided as with the one for compound engines, a drop being 
allowed of 3 lbs. per square inch. A« and hm will be respectively 
the points of cut-off from the inter, and LP cylinders ; the diagram 
may then be corrected for compression and losses. 



l:lllPLE-EXPANSION ENGINES. 

Figs. 982, 983, shew the pistons and cranks of triple- expansion 
engines in various positions. 




Fig. 982.— Triple-expansion engine with two receivers. 











*-6'' 





Fig. 983. — Semi-tandem triple-expansion engine with two receiver. 
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Fig. 084. 







a: ^^— 

Fig. 085. 



Table 133.— Compound Engine for Screw Steamers 

(Figs. 984, 985). 



stroke of both pistons 


H ' 

1 


n 


6} 


111 


132 


161 

11* 


13} 


28} 
17 


Diam. of high-press, piston 


d 5§ 


H 


9i 


Diam. of low-press, piston . 


D 


8i 


lOf 


12i 


14f 


17} i 21} 


26J 


Proportion of cylinder vols. 


V 


2-5 


2-5 


2-5 


2-5 


2-5 


2-5 


2-5 


Proportion of H : d . . 




1-5 


1-5 


1-5 1-5 


1-4 


1-4 


1-4 


Revolutions per minute 


n 


280 ; 260 1 245 


2301 


210 


180 


150 


Piston speed in ft. per min. 


c 


365 420 


470 


515 


530 


590 


590 


I. H. P. with 105 lbs. boiler press. 


25 


50 


80 


120 


180 


270 


400 


Dimension .... 


a 


23f 


29^ 


m 


45^ 


55 ! 73 


90 


„ .... 


6 ,23f 


29^ 


37i 45^ 


55 73 

1 


90 


» .... 


c 


^ 


Hi 


16i 19i 


23g 


37i 


47i 


?> .... 


e 


19} 


24f 


29^ 34^ 


4U 


55 


70} 


>> .... 


f 


5* 


7 


8i|9} 


11 : 13} 


16J 


„ .... 


9 


\6k 


12f 


15^ 17} 


m 1 25S 


30} 


„ .... 


h 


41i 


51 


59 


70} 


78} 98 ,118 


» .... 


• 


75 


9} 


m 


15 


17 21g ' 26 


Weight in cwts. . 


a 


15i 


31i 


55 


88^ 


137 236 j 452 



All Dimensions are given in Inches. 
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COMPOUND PADDLE ENGINES. 
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H ^ ± ^ 
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COMPOUND ENGINES. 




Fig. 988. 




Fig. 989. 



COMPOUND PADDLE ENGIXE8. 



367 



00 

1 


Dia.of, Weight 
(Addle-' Bearings. Crank-pin. in 
sliaft. . ' 1 cwts. 
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SECTION IX. 

IHDICATOB AND IKDICATOB DIAGRAMS. 

In the beginning of section IV. on Valve gears, page 151, indicator 
diagrams have been mentioned, and a method oi drawing an 
approximate expansion curve has been given ; in this section the 
subject is given in more detail, with examples of diagrams from actual 
practice. 

The Indicator. 

The original indicator, as invented and made by James Watt, has 
been since improved in detail although the principle remains the 
same. The object of the improvements has been to decrease the 
weight of the moving parts and to make the stroke of the piston as 
short as possible. 





Fig. 990.— Blchards' Indicator. 



Fig. 991.— Thompson's Indicator. 



Amongst the earliest improvements was that of Richards, ^g, 990 
who reduced the stroke of the piston but retained the longer stroke 
of the pencil by introducing a system of light levers which also 
formed a parallel motion for the same. This indicator is perhaps 
the most largely used, and with ordinary speeds gives very good 
results. The union or coupling by which this indicator is attached 
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I the cock, ia cut with threads of different pitches in the two paitaj 

hat which screws on to the indicator itself having a fine thre&d, and 

lat part which screws on to the cock has a coarse thread ; the pact o' 

le cock is conical and fits a correspoDdiii({ taper on tlie indicator ; 

lis malieK a very neat arrangement, and easy to take on and off. 

Fig. 981 shews a modification, of Richards' indicator by Thompson, 

further modification by Croshy, fig. 992, haa inany points of 

terest, the spring fiied rigidly only to the cylinder cover, and is 

attached to the piston by u ball and socket joint ; the spring is also 

double wound, right and left hand, an arrangement intended to do 

away with any tendency to twist as the spring compi'eesea. The 

whole indicator is much smaller than Richards', and better adapted 




Fig. t92.—Cnelis' 



for very higli speeds. The coupling for attaching the indicator is like 
that of Richards, but has a right and left hand screw instead of two 
right hand threads of different pitch ; this niakes it much less easy to 
take on and off. A still smaller indicator is that of Darke, fig. 993, 
where the pencil is guided by a loose slide in a slot ; the coupling 
is tlie same as that of Richards, and is interchangeable with it. 
This indicator is arrai^d for very high speeds, and is fitted- with 
a dentent or catch to hold the paper druni whilst string is being 
hooked on. 

The stroke of the paper drums in all these indicators is neces- 
sarily much less than that of the engine. To reduce the stroke a 
moving lever is generally used, and care should be taken in leading 
the string to the indicator that its motion is always truly in the 
direction of the axis of the string. 

A segment of wood fitted to the lever of correct proportion to give 
the r^ht stroke will, if of sufficient extent, always ensure the string 
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moTing correctly. The levers may be made of wwtH, or letter of 
iron. Figs. 994— W7 shew an example of levers. The clioice of 
amngemeiit of indicator gear necessarily depends on the style and 




position of the engine to be iadicat«d ; Bometiraea the lever may have 
to be attached to the walls or roof of the engine-room, but now the 
best makers will supply self-contained indicator gear with the 
engines they make. 
Fig, 998 shews in outline an indicator gear of the ordinary lever 
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kind, fitted to a horizontal girder engine. Fig. 999, a reducing gear 
witli diflferent sized drums pulled round by a string from an arm 
fixed to the cross head ; these arrangements are not so simple as the 



k' ' 




Fig. 998. 



ordinary lever ; the lower end of the lever should be connected to a 
pin in the crosshead by a link and not, as is often done, hy a slot in 




Fig. 999. 

the end of the lever which gives more error to the motion of the 
paper due to the arc described by the end of the lever. 

The practice of putting the indicator on a 
system of pipes from both ends of the cylin- 
der, fig. 999, to which is fitted a 3-way cock, 
gives very pretty results (fig. 1000) by enabling 
diagrams from both ends of the cylinder to 
be produced on one card, l)ut is not to be re- Fig. looo. 

B B 2 
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commended, as elements of inaccuracy are thus introdnced. For 
very exact work two indicators should be used, one for each end, and 
occasionaUy they should be changed over from one end to the other 
to eliminate a possible chance of error. An example of an extreme 
case of error from long pipes is given on page 378, fig. 1017 ; here 
the pipes were lead to the centre, and a cock fixed at each end, not 
even with a 3-way cock in the middle. 

Fig. 1018 shews diagram taken from same engine with same load 
on with indicator fixed direct on each end of cylinder, the pipes 
having Ijeen removed.* 

Some operators prefer to have a sliding joint in 
the string by using a piece of wood or metal as in 
fig. 1001 ; this may be of use with slow speeds, but 
with liigh speeds a dead length string with a small 
ring at the end, and a hook on the indicator strings 
or vice versa, is the Ixjst, or the string can be arranged 
to pull through the edge of the wood segment on 
the lever and up to a knot, and can be held whilst 
taking the diagram, and thus the hook need not be 
used. 

It is good l^efore starting to indicate an engine to 
put the string on stretch in the engine-room, so as to 
get it to the same temperature and dryness as the 
surrounding air; if this be done, very little trouble will occur 
with the string whilst in use. In indicating the pencil should be 
pressed to the paper very gently, and if the engine has only been 
running for a few days or hours, that is, if the engine is new, 
the piston of the indicator should be taken out very frequently 
and the cylinder sponged out : the lower limits of a diagram are 
very liable to error from dirt accumulated in the cylinder, and an 
old indicator should always be used on a new engine ; no instrument 
regarded as a standard should be applied to any engine which has 
not run itself clean from sand and dirt off the steam ports and 
passages. If after having taken a few diagrams the -atmospheric line 
appears to be a trifle higher than on the first diagram it is a sure 
sign that the cylinder is foiU, and it should be sponged out before 
any more diagrams are taken. 



Fig. 1001. 



* Mr. Haeder Bays that the bosses for indicator corks are tapped with 
1** English thread. In England the custom is to tap with |'' Whitworth 
thread. 
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To calculate the power from an indicAtor diatirara, the average or 
mean pressure on the piston is found either by using a planimeter or 
more conveniently by the method of equidistant ordinatee. The 
digram is divided into ten equal parts, flgs. 1002, 1003, and the 
mean height of each part 
is measured by the scale 
oorreBponding to the spring 
used in the indicator ; the 
ten mean heights are then 
added t<^'etherand divided 
by ten ; this gives the mean 
pressure on tlie piston with 
&ir accuracy. A quick 
and accnrate W87 of mea- 
suring the added lengths 
or heights of the ordinates 

is to take a narrow strip of paper and (o mai'k off with a sharp pencil 
the length of the first division, then run the strip to the next and 
make a mark, and so on to the tenth, then measure the total length 
between the fii'st and last mark and point oS for dividing by ten ; 
this gives the mean pres- 
sure, which multiplied by - ' 
the area of the piston in . 
sq^uare inches liy twice the 
stroke in feet, and by the 
number of revolutions per * 
minnte, and divided by j 
33,O0<.>, gives the indicated 
horse-power. If diagrams 
be taken with a load on ' 
the engine and then with tf 
the load off, the difference ^- '«»■ 
between the two residts will give the useful or effective horse 
power. It is not easy to get accurate measurements of power from a 
lar^e engine when running without load, and therefore it is seldom 
possible to get the true effective load by this means ; but a fairly 
accurate idea of the power taken by individual machines out of a 
large number driven by one engine may be obtained by indicating 
the engine with the particular machine on and tiien with it off, and 
taking the difference for the power required for driving the 
machine. 
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Indicator Diagrams. 
Oombined Diagrams from Componud Bngjnes. 

The proportion of the ai'ea of the combined diagrams to tlie area 
of the figure A, B, C, D, E, givvs approximately the efficiency of the 
proportion of the efHciency of the engine. To combine the diagrams 
from the two cylinders of a compound engine they may be hiid out 



Fig. lOM. 

to the Bame Bcale and length, I, no that the admiFsioii line of the low 
presBure diagram conies just to tlie liqpiiiiing of tlie compression 
o* of high pressure diagram ; the low pressure diagram is then laid 
out to a lengtli equal to the proportion of the cylinder volumes — x I. 
The theoretical expansion curve is drawa through the point a, and 
the shaded portion will show the theoretical loss, fig. 1004. 
$' — the clearance of the high-pressure cylinder, 
s" = the clearance of the low-pressure cylinder. 
o' = the compression in high-pressure cylinder, 
o" = the compression in low-pressure cylinder. 
Tlie effect of laying out combined diagrams, is to produce a 
diagram which should represent what would take place in one 
cylinder of the volume of the low-pressure cyliuder of the compound 
engine. 
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Indicator Diagrams 




Scaled 



H!QN PJf£SSUff£ CYUMO£/i 

Fig. 1006. 




ScOUt€g2 

LOW PRESSURE CY UNDER 

Fig. 1000. 

Diagrams* from compound engine with Davey Paxman's valve 
gear controlled by the governor. The two valves are driven by 
separate eccentrics, and the cut-off valve works on a felse port face 
between the main and cut-off valves. 



* See Royal Agricultural Society^s report of Newcastle meeting, 1887* 
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Diagrams from Actual Practice. 

Scales of all are given in fractions of an inch to one pound per 
square inch. 




Fig. 1007. 

♦Diagrams from a portahle engine fitted with single valve con- 
trolled by Hartneirs crank-shaft governor. Cylinder 8^" diameter^ 
stroke 12^^. 

a. 127 revolutions per minute 13*9 indicated HP. 
h, 129 revolutions per minute 10*8 indicated HP. 
c. 130 revolutions per minute 10*1 indicated HP. 




SccuLb ^ 




Figs. 1008, 1000. 

Diagrams from compound undertype engine with high-pre.<v;ure 
cylinder valve controlled by Hartnell's governor low-pressnre valve 
by simple eccentric. 

High-pressure cylinder 8* diameter. 

Low-pressure cylinder 121" diameter. 

Stroke of both, 14". 

Ee volutions per minute, 155. 



gee reports of Cardiff meeting of the Eo^al Agricultural Society, 
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Fig. 1010. 

Diagrams from condensing engine with Meyer valve gear and 
throttle valve. Cylinder IS'' diameter ; 3(y stroke. Revolutions per 
minute, 60. 



Sc4m^' g^ .' 




Fig. 1011. 



Diagram from condensing engine with cut-oflf valve controlled by 
Hartnell governor. Cylinder \^Y diameter ; 36"^ stroke. Revolu- 
tions per minute, 63. 



5e«2a Jk 




Scaled 




Figs. 1012, 1018. 

Diagrams from a compound horizontal engine, cranks at 90"*, cut- 
off valve of high-pressure cylinder controlled by Hartnell's governor 
the valve of low-pressure cylinder worked by simple eccentric. 
Diameter of high-pressure cylinder, 16'"; low-pressure cylinder, 26^ 
Stroke of both^ 36"^. Revolutions per minute, 67, 
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Figs. 1014, 1015. 

Diagrams from a side lever marine engine by Miller & Baveoliilly 
dated 1839, used as a stationary engine. 




Fig. 1016. 



Diagram shewing a case of accidental re-admission by main valve 
over-running port face. Cylinder 11^^ diameter, 24"^ stroke. 





Figs. 1017, 1018 

Fig. 1017 shews the effect of long pipes between cylinder and 
indicator. 

Fig. 1018 from same engine with same load, the indicator l^ing 
fixed direct on cylinder without any pipes. Cylinder 13j^ diameter, 
24* stroke, 100 revolutions per iniuute. 
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Diagrams shewing the Defects in Valve Gears which may 

often be met with in Practice. 



From Xon-condensiiig From Condensing 
Engines. Engines. 



Example of a normal in- 
dicator diagram, from an 
engine with good expansion 



gear. 



Diagram shewing the ef- 
fect of throttling. 

Too early admission, with 
light fly-wheel. 

Too late admisdon. 



Leaking valves, allowing 
steam to pass after cut-off. 

Re-admission after cut-off, 
caused by re-opening cut-off 
ports before main valve has 
closed the steam-port. See 
page 192. 

Too late opening of exhaust, 
or may l)e caused by exhaust 
being too small. 

Load too light for size of 
engine. 

Too little compression. 



Too much compression. 









^l 



m^ 




Fig. 1010. 



The shaded parts in the above diagrams shew the losses. 
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INDICATOR AXD INDICATOR DIAGRAMS. 



Diagrams from Triple-Expansion and Compound 
Engines, pages 380, 381. 



Nos. I. & I I.J 


, s.s. 


Baclilieibel. 






III., 


s.s. 


Falkenburg. 






IV., 


s.s. 


African. 






v., 


, s.s. 


Arabia. 






VI., 
VII., 


Stiilcheii's 3-cylinder 
S.S. Pai-a. 


compound. 




VIII. 
IX., 


,S.S. 
, S.S. 


Aberdeen, with superheatej efficiency 
Wanderer. 


•67. 


X., 


S.S. 


Stella. 






XI.. 


,S.S. 


Lusitania. 






XII. 
XIII., 
XIV., 

XV. 


, s.s. Aberdeen, with £ 
, Adamson*s quadruple 
S.S. Isle of Dursey. 
, S.S. Jungfrau. 


superheater efficiency 
-expansion efficiency 


•65. 
•71. 


XVI., 


S.S. 


Rimnag na Maia. 


» 




XVII. 


,s.s. 


Sobraleuse. 


^ 




XVIIL, 


, S.S. 


Nierstein. 







The above diagrams are from a paper by Otto H. Miiller, " Zeit- 
schrift der Verein Deutsch. Ingenieur," 1887, page 445, and shew 
different ways of combining diagrams from compound engines. 



SECTION X. 

CALCULATIONS FOB POWER AND STEAM 

C0NSX7MPTI0N. 

The following terms and letters are used in these calculations : — 

N, = the indicated horse-power. 
N« = the effective horse-power. 

Q = the effective surface of the piston in square inches. 
H = the stroke in inches. 
n = the revolutions per minute. 
c = the piston speed in feet per minute. 
h = the admission or cut-off when H = 1. 
P = the initial pressure in lbs. per square inch. 
k = expansion coefficient dependent upon the admission h, and 

the clearance «, see Table 135. 
s = the clearance space in terms of piston area, so that the length 
of the line s on the diagrams, figs. 1022, 1023, represents 
the volume of the clearance space when H = 1. 
P„ = the mean pressure on the piston in lbs. per square inch. 
P„ = the back pressure in lbs. per square inch. 
a- = the sum of the losses of work by wire-drawing, compression, 
early opening of exhaust, back pressure, etc. 

then c = 2Hn. 

* 33,000 * 
The mean pressure P„ = A;^ — (P, + a). 

The expansion coefficient k = h + {h+ p) loge j-^^ ; see 

Tables 135 and 169. 

The back pressure P, of the exhaust steam is dependent on the 
terminal pressure o), and the size of the exhaust passages. 

Table 137 gives the value of the back pressure for usual propor- 
tions, and for a speed of about 100 feet per second of the steam in 
the passages, allowance also being made for the sum of the losses o-. 
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POWER AND STEAM CONSUMPTION. 



Table 135.~Value of the 


Expa 


insioii 


Coefficient L 


k 


Clearance space s. 




2% 


8% 


4% 


6% 


6% 


r% 


8% 


9% 


10% 


00 


079 


0-107 


130 


0-152 


0-172 


0-191 


0-210 


0*226 


0-240 


0-02 


0-151 


0-173 


0-190 


0-210 


0-230 


0-250 


0-263 


0-276 


0-289 


04 


0*204 


0-232 


0-250 


0-268 


0-280 


0*292 


0-302 


0*314 


0*328 


06 


0*255 


0-273 


0-292 


0-303 


0-321 


0*332 


0-343 


0-353 


0-366 


0-08 


0-305 


0-321 


0-337 


0-348 


0-363 


0*371 


0-383 


0-392 


0-403 


0-10 


0-356 


0-369 


0-381 


0-392 


0-403 


412 


0-422 


0-432 


0*440 


0-12 


0-394 


0-406 


0-417 


0-427 


0-437 


0-446 


0*455 


0-464 


0-472 


014 


0-431 


0-442 


0-452 


0-462 


0-470 


0-479 I 0-487 


0-495 


0-603 


0-16 


0-467 


0-477 


0-486 


0-496 


0-502 


0-511 1 0-518 


0-526 


0-533 


0-18 


0-502 


0-513 


0-519 


0-529 


0*533 


0-542 


0-548 


0-564 


0-562 


0-20 


0-535 


0-545 


0-552 


0-559 


0-565 


0-571 


0-577 


0-584 


0-590 


0-22 


0-564 


0-573 


0-578 


0-586 


0-592 


0-597 


0-603 


0-609 


0-615 


0-24 


0-592 


0-600 


0-606 


0-612 


0*615 


0-622 


0-628 


0-633 


0-639 


0-26 


0-619 


0-626 


0-631 


0-637 


0*643 


0-646 


0-652 


0-656 


0-662 


0-28 


0-645 


0-651 


0-655 


0-661 


0-667 


0*671 


0-675 


0-678 


0*683 


0-30 


0-670 


0-675 


0-680 


0-685 0-689 


0-692 


0-696 


0-700 


0*704 


0-32 


0-693 


0-697 


0-702 


0-706 


0-710 1 0-714 


0-718 


0-721 


0*725 


0-34 


0-715 


0-718 


0-723 


0-726 


0-730 


0-734 


0-738 


0-741 


0*745 


0-36 


736 


0-738 


0-743 


0-745 


0-749 


0*753 


0-757 


0-760 


0*764 


0-38 


0-756 


0-757 


0-762 


0-763 


0-767 ' 0-772 ' 0*775 

1 


0-778 


0*782 


0-40 


0-773 


0-775 


0-779 


0-781 0-784 0-787 0*794 


0-797 


0*800 


0-42 


0-791 


0-792 


0-794 


0-798 0-801 1 0-803 0-810 


0-812 0*815 


0-44 


0-808 


0-809 


0-810 


0-814 


0-817 0-818 i 0-824 


0*826 0*829 


0-46 


0-824 


0-825 


0-827 


0-829 


0-832 0-831 0-837 


0-839 ' 0-842 


0-48 


0-838 


0-839 


0-841 


0-843 


0-846 ' 0-847 0-849 


0-851 0-854 


0-50 


0-850 


0-852 


0-854 


0-856 


0-857 


0*868 0*862 


0*864 0-866 


0-55 


0-879 


0-881 


0-883 


0-885 


0-886 


0*887 0*889 


0-890 


0*891 


0-60 


0-906 


0-908 


0-910 


0-912 


0-913 


0*913 j 0-914 


0-916 


0-916 


65 


0-927 


0-929 


0-931 


0-932 


0-933 


0-934 I 0-935 


0-935 


0-936 


0-70 


0-947 


0-949 


0-951 


0-952 


0*953 


0*963 0-954 


0-954 


0-955 


0-75 


0-962 


0-964 


0-966 


0-967 


0-968 


0-968 0-968 


0-968 


0*978 


0-80 


0-976 


0-978 


0-980 


0-980 


0*981 


0-981 0-981 


0-981 


0*981 


0-90 


0-994 


0-995 


0-995 


0-995 


0*996 


0-997 


0-997 


0-998 


0-998 



Example,— Qiven the cut-oflF h = -2, the clearance space < = 7 per 
cent., the expansion coefficient k = *571. 
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The losses of power from wiredrawing, &c., as shown in 
diagrams, figs. 1022, 1023, are represented by or, expressed in 




Fig. 1023. 



pressure on the piston area during the whole stroke in lbs. per 
square inch. 

oTj the loss due to wiredrawing or throttling the steam during 

admission. 
(Tg the loss due to early opening of the exhaust. 
o-g the loss due to the back pressure of the exhaust steam. 
0-4 the loss due to compression. 

0-5 the loss due to the drop in pressure in compound engines. 
<r = cTi + ©"a + 0-3 + 0-4 + 0-5 = the sum of all these losses. 

The loss (T, by wiredrawing increases with the lateness of the 
cut-off h for engines with the usual valve-gears, Meyer's, Rider's, &c., 
and is given in Table 1 36. 



Table 136.— Value* of cti. 



Cut-off h . . 


1 

•05! -10 

1 


•15 


1 1 

•20 -30 -40 

1 
1 


! 
•50 -60 


•70 


Without jacket . 


114 1^42 


1-70 


215 1 256 2-84 


3-41 3-70 


4-00 


With jacket 


•43, -57 


•71 


1-00 1^14 1-42 


1-70 


2-00 


213 



c c 
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Tablb 137. — ^Values of cr, in lbs. per Square Inch. 



Percentage of 

exhaust open- 

iiig before end 

of stroke. 


Without condenser. 
Final pressure w in lbs. per sq. in. 


With condenser. 
Final press, in lbs. per sq. in. 


17-64 


29*4 


44-1 1 68-8 


14-7 


29-4 


44-1 


•02 
•05 
•10 
•20 
•30 


•000 -000 

•000 -073 

i -043 ^220 

— 1^17 

— 1-47 


•000 • •ooo 

•147 -220 
•430 -588 
1-32 147 
1-91 2-20 


•000 
•073 
•294 

•882 


•000 
•117 
•357 
1-17 


•000 
•147 
•430 
132 



If the exhaust opens up 2 per cent, or less before the end of the 
stroke the loss is very small, some valve gears, however, will not 
allow of the exhaust being kept closed later than from 20 to 30 per 
cent, before the end of the stroke. 

The values of o-j are given in Table 137. 



Table 138.— Values of Back Pressure 0-3. 



1 

1 

Exhaust lead. 


Without condenser. 
Final pressure w in lbs. per sq. in. 


With condenser. 
Final press, in lbs. per sq. in. 


Vo 


18-37 


29-4 


44-1 


58-8 


14-7 29-4 44-1 


Yo = a 
Vo = 05 a 
Vo = 0^2 a 
Vo = 


•000 
•073 
•294 

•588 


•043 
•117 
•430 
1-32 


•147 
•220 
•588 
1^47 


•430 

•588 

ro3 

1-76 


•073 
•147 

•588 
M7 


•147 
•730 
1^17 
r47 


•294 
1-17 
1-76 
2^64 



The values of 0-3, the back pressure or exhaust resistance caused 
by early closing, are dependent on the inside or exhaust lead, and 
the final pressure w, and are given in Table 138. 



/ 



POWER AND STEAM CONSUMPTION. 



387 



Values of Compression cr^. 
Table 139.~Witliout Condenser {p, = 16*4 lbs. per sq. in.). 



Com- 
pression 





0-00 

0-025 

0-050 



Clearance space in per cent, of stroke s. 





•228 
•626 



3% 



0-075 i -925 





•214 
•551 
-855 



0-10 , 1-550 ; 1-38 



0-15 
0-20 
0-25 
0-30 



2-70 





•209 
-485 
•782 
1-14 
2-34 
3-47 




•185 



3-25 

4-45 



8% 



9% 



10% 




•171 



•415 -341 

•712 -640 
•891 

1^96 : 1^71 





•128 
-271 



114 -085 



228 -185 



-571 -485 



-385 



•792 -732! -700 i -685 



2-90 
4-10 
5-32 



1-44 1-26 11-06 



2-56 2-28 2-09 



3-76 
5-00 



3-51 



3-28 



-071 
-142 
-285 
-670 
•99 
1-71 
298 



4-75 446 375 



Table 140. — With Condenser (p^ = 3^13 lbs. per sq. in.). 



0^00 

0^025 

0050 

0075 

0^10 

0^15 

0-20 

0-25 

0-30 





028 
071 
142 
284 
525 
821 
10 
1-64 







•057 
•128 
•256 
•470 
•770 
1^01 
141 







028 ^028 



043 
114 
214 
412 
670 
925 
1-24 





028 
043 
081 
157 
341 
570 
810 
103 





014 

028 

057 

128 

285 

612 

770 

970 



; 
•014! ^014 ^014 



•014 



•043 



•256 



•455 



•728 



•855 



100 -071 



-228 



-400 



-640 



-0141 -014 



028 -014 



-043 



-209 



-341 



-810 -770 



c c 2 




•014 
•014 
•014 
•028 
•171 
•314 



527 •485 



728 
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Values of the Final Pressure w in Atmospheres Absolute 
for the most Economical Normal Horse-power. 



Table 142. — Simple Engine. 



Table 142a. — Compound Engine. 





N,. 


1 


Non-condensing. 






Condensing. 








Initial pressure p in 


Atmospheres Absolute. 


i 10 




4-5-5 


6—7-6 1 8-9 


10 


4—5-5 


6-7-5 8-9 




2—5 


2-0 


2-0 : 21 

1 


2-2 


• 


1 

1 


t 
1 




5—10 


1-8 


1-8 ! 1-9 

1 


2-1 


— 


I 
1 1 


— 




10—50 


1-6 


1-7 


1-8 


2-0 


0-8 


0-9 . 10 


11 




50—100 


1-5 


1-6 


1-7 


1-9 


0-8 


0-9 


10 


1-1 




100 200 


1-4 

1 


1-5 


1-6 


1-8 


0-7 


0-8 


0-9 


1-0 




200 
and upwards. , 


1-3 ' 


1-4 


1-5 


1-7 


0-7 


0-8 


0-9 


1-0 



10 50 






1-6 


1-7 


0-7 


0-8 


0-9 


1-9 


50—100 


— 1 — 
i 


1-5 


1-6 


0-7 


0-8 


0-8 


0-9 


100 500 






1-4 


1-5 


0-6 


0-7 


0-8 


0-9 


500 
and upwards. 






1-3 


1-4 


0-5 


0-6 


0-7 


0-8 



Example. — The best final pressure w for a simple condensing 
engine with N, = 150 H.P., and 7 atmospheres absolute is from 
the Table '8 atmospheres absolute, the corresponding cut-off from 
Table 133, with 7 par cent, clearance space, gives •052. 
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The losses «r^ by compression given in Tables 139, 140, are depen- 
dent on the length of the compression period o, and the back pres- 
sure P,. The clearance space depends on the kind of valve-gear 
used. See Table 33. 



Clearance space s expressed in terms of length of stroke, for H = 1. 

Table 143. 



Kind of valve-gear used. 



Ordinary 
valve- gear. 



0-06 - 0-08 



I 



Divided valves and 
piston valves. 



Mushroom 
valves. 



0-03 - 0-06 



004 



Corliss 
valves. 



0-025 



The above values for s are for ordinary piston speeds. For very 
quick running engines with higher piston speed, the clearance space 
may be double the value given above. 

A coefl&cient approximately proportional to the efficiency of an 
engine may be found by dividing the mean pressure (taken from the 

P 

indicator diagram) by the final pressure (absolute) — ?. For example, 

w 

an engine giving a mean pressure of 31*25, and a final pressure 

31*25 
absolute of 23*7, gives this coefficient — — = 1*56. In many 

engines this coefficient is greater than 2, but has hardly reached 3. 

The wat^r per I HP per hour, can be approximated from the co- 
efficient thus obtained. Divide the undermentioned constants by 
the coefficient, and the quotient will give the water per IHP per 
hour, in lbs. 

When the final pressure is about 5 lbs. helotc the atmosphere, the 
constant = 36 ; with a final pressure 15 lbs. above the atmosphere, 
the constant = 34 ; when final pressure is 45 lbs. above atmosphere 
the constant = 32. 

' Either of these divided by the coefficient will give the quantity of 
water per IHP per hour, very nearly, exclusive of the losses by clear- 
ance and condensation, jacket, &c., and the gain by compression. 
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Take as an example the engine before referred to which had a 
final pressure of 9 lbs. above the atmosphere, and use corresponding 

34 

constant 34. = 21^7 lbs., add i for clearance and loss ex- 

1-56 ' '® 

elusive of jacket = 23*87 IIjs. per 1 H.P. per hour. The water 
measured was 24*1 lbs. per 1 H.P. per hour, which shows how near 
the formula is. 

Let 1 = 1' + r resistance in non-condensing engine running light ; 
I = l\ + V\ „ condensing „ „ 

fi coefficient of additional friction for single cylinder engine, 
fi, „ „ „ for double 



j> 



>j 



» 



» 



» 



The effective power for single cylinder _*— ^— ?, L. 

,, ,, for double cAdinder _^A '^-^I_j'-. 

" " " 33000 (1 + /x.) 



Table 144. 



D 


8 


16 


24 


32 


14 


r 


1-86 


1-00 


•571 


•428 


•285 


r. 


3-14 


1-57 


, VOO 


•715 


•571 


/* 


•18 


•14 


•12 

1 


•10 


 

•08 


/*. 


•20 


•16 


•13 


•11 


•10 

1 



Table 145. 



p 


59 


88 


lis 


r 

V 


1^14 
1-71 


143 

2 00 

1 


1-71 
2-28 



'p = pressure in lbs. per sq. inch. 

By very careful management the coefficient /x may be reduced 
by 30%. 
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Calculation of the Power of Compound Engines. 

The power of a compound engine should be the same as if the 
total expansion had been carried out in one large cylinder, the 
expression for the total expansion l^eing 

initial absolute pressure _ P 
final absolute pressure w ' 

In figures 1024, 1025, 

h = the period of admission. 

s = the clearance. 

w = the final pressure. 

d = the diameter of the high-pressure cylinder. 

h'y s', vj', = as above for the high-pressure cylinder. 

D = diameter of low-pressure cylinder. 

/i*, «*, w^ = as above for the low-pressure cylinder. 
y 
— = the ratio of the cvlinder volumes. 

V 

Q = the surface of the low-pressure piston. 

hi = the ideal admission reduced the low-pressure 

cylinder volume corresponding to the total 

expansion. 



8" 



8 = - for determining the mean pressure for the 
- ideal value of the clearance space. 

V 

Then, taking the stroke of both cylinders to be the same, 

Taking no account of the clearance space. 

V P = I. X 1 



r X A' W h' h' 

Allowing for the clearance space. 

V x^{l -h «^) _ ^ _ 1 l^ 

v'x {W + 8') W h' + s' 'h" + s^* 

Example. — To calculate the nominal power of a compound con- 
densing engine. 

Diameter of high-pressure cylinder . . d 15|". 
Diameter of low-pressure cylinder . D 24". 

Stroke of both . . . . . . H 27^". 
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Ratio of cylinder volumes . . . = 2 35. 

V 

Revolutions per minute . . . . n = 75. 

Initial pressure absolute . . . . p = 103. 

Clearance space of low-pressure cylinder «^ = about 5 per cent. 

Final pressure w = vj^ from Table 142a, w — 11*76. * 

0'05 
Ideal clearance space & = — . . a = 0*02. 

^ 2*35 

Ideal admission from Table 141 . . A, = 0*1. 
CoeflScient of expansion from Table 135 . k = 0*356. 
Back pressure and loss of work . P, + «r =7. 
Then the mean pressure P« = ^j? — (P, + <r) = '356 x 103 — 
7 = 30*7 lbs. per square inch. 

The piston speed in feet per minute, c = 344. 
the effective area of the piston, Q = 446 square inches ; 
the ideal indicated horse-power N,, 

= ,%P. = ^ X 344 X 30-7 ^ i^tely 140. 

33000 33000 ^^ ^ 

The friction coefficient /*. = 0*16 (Table 144). 

The resistance of the engine when running empty (see Tables 144, 
145). I = l\ = 2*14 + 1*56 = 3*7 ; 

then the effective horse-power N, 

= „QciP._:^ = 446xM4|3017- 3:7) ^ ^^^^ ^^^ 
33000 (1 + II,) 33000 (1 + 0*16) ^ 

The admission or cut-off in the high-pressure cylinder is deter- 
mined as follows : — 

P 103 

The total expansion being — = — — - = 8*75. 

If now «' = 8^ = 005, 
therefore h' = 2 35 x 105 _ ^.^^ ^ ^.^^ 

o / O 
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The final pressure in the high-pressure cylinder will be 

= {^' ±JJ P = (0-23J- 0<)5) X J03 ^ 2^ . 
' \ + s' ' ~ 1-05 



ir 



and we shall have the mean pressure in the low-pressure cylinder, 
taking the drop of pressure as 5 88, 



f = 27-4 - 5-88 = 21-52 



then it follows that 



j?'" 21-52 ^ 

If the horse-power is given, and the diameter of the low-pressure 
cylinder is required, it can be approximated in the following 
manner : 

From Table 142, p is selected, P« from Table 146, and c from 
Table 147, 

then Q = 33000XN, 

c P« 



Table 146. 



p.= 


Initial pressure in lbs. per square inch. 


59 74 

1 23-5 ; 26-5 

1 


88 103 \ 118 132 

t ' 

31 , 35-2 38-2 41 

1 


147 
45-2 



i 
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Indicator Diagrams for the Normal Horse -Power for the 
Compound Engines given in Table 147. 




Fig. 1024.— Pressures in atmospheres absolute. 



W = 



-{h' + s')p. .„. _ {h" + ,r)f . 



1 +8 



7 — » 



W — 



1 +S^ 



w' — 'p" = the drop in the pressure. 
The power in both cylinders is nearly equal. 



Indicator Diagram for the Maximum Horse -Power for the 
Compound Engines given in Table 147. 




Fig. 1025. 
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SECTION XL 

THE EFFECT OF THE INERTIA OF THE 
BECIFBOGATING FABTS OF A STEAM ENGINE. 

The effect of the inertia of the reciprocating parts of an engine 
especially with high speeds may have a great influence on the 
smoothness of the running.* The effect of inertia has been ignored 
by engine makers, it was pointed out in a paper on the Allen engine 
by Mr. C. T. Porter in 1868,t with special reference to the change 
in direction of the pressure on the crank-pins of steam engines at 
certain parts of the stroke. 

Let P = the weight of the reciprocating mass in lbs. 
/ = the surface of the piston in square inches. 

The approximate proportion of weight to piston surface will be 

P P 

= 3»98 for horizontal non-condensing engines, — = 4*27 for hori- 

J J 

zontal condensing engines. In the Allen engine above alluded to, 

the weight of the reciprocating parts was 470 lbs., and the piston 

surface 113 square inches ; this gives the proportion P to / as 4*16 

tol). 

H = stroke in feet. 

r = Crank radius in feet. 

n = Eevolutions per minute. 

V = — ^_ = the average speed of the crank pin in feet per second. 
60 

(a.) The Connecting-Bod of Infinite Length. 

The pull on the connecting-rod necessary to overcome the 
inertia of the reciprocating parts is equal to the horizontal component 
of the acceleration of the crank pin multiplied by the mass moved ; 
at the dead point this component is equal to the total acceleration of 

the crank pin towards the centre of the crank shaft, i.e., to — , 



* Radioger Maschinen mit hoher Eolbengeschwindigkeit. 

f Institation of Mechanical Engineers' Proceedings, April, 1868. 
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The total drag on tlie connecting-rod at the beginning of the 
Htroke is therefore — , hence the pressure on unit surface of the 



9^ 



Pi?« 



face of the piston necessary to neutralize this — _— = 5I. At the 

highest point of the crank g = 0, since at that point there will be 
no further pressure expended in producing acceleration of the 
reciprocating parts, as the piston has attained the same speed as the 
crank pin. At intermediate points q = Qi cos. o, where <d = the 
angle swept out by the crank pin from the dead point. 

It is easy to represent graphically the retarding or accelerating 
forces acting on the piston due to the inertia of the reciprocating 
parts, as in this case the motion of the piston is simple harmonic, i.e., 




- ^^^ 



Fig. 1026. 



-H 



the acceleration and therefore the accelerating force is proportional 
to the distance of the face of the piston from the centre of its path. 
If we plot out a curve where the ordinates are pressures and the 
abscissae the corresponding position of the piston, we get a straight 
line which cuts the axis of abscissae at the point k where q == 0. 

Example. To determine the effect of the inertia of the moving 
parts of an engine where the diameter of the piston D = 16* and the 
stroke H = 28'', n = 100. 

By our formula ? = 3*98. 

. . P = 3-98 X 162 - 

4 

= 798 lbs. 

27r X 100 X ^ 



60 



= 12*2 feet per second. 

The pressure per square inch on the face of the piston necessary to 
move the reciprocating masses at the beginning of the stroke 

798 X (12*2)« 



Pij« 
grf 



32-2 X - X 16« 
6 



TT 

^4 



= 49-4 lbs. 



I 
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The pressure diminishes towai'da the middle of the stroke, where 
it vanishes, the inertia of the reciprocating masses then assists the 
steam pressure, at the end of the stroke this pressure is 49*4 lbs. per 
square inch. 

In order, therefore, that the pressure on the crank pin may be 
constant, we must have high pressure at the beginning of the stroke, 
and low pressure at the end of the stroke. The expansion of the 
steam does this, and compensates to a great extent for the forces 
introduced by the inertia of the reciprocating parts. If the compen- 
sation is not sufficient the momentum of the fly-wheel must help to 
drag the piston to its full speed at the beginning of the stroke, and 
oppose its motion at the end. Consequently, there is a change from 
extension to compression in the connecting-rod and a knock ensues 
which if neglected soon causes trouble. To remedy this, the steam 
must be cushioned at the end of the stroke by closing the exhaust 
early. The energy possessed by the moving reciprocating masses is 
thus employed in compressing the steam, and is restored at the 
beginning of the stroke where it is wanted. 



(b.) With Connecting-Bod of Finite Length. 

Let L = the length of the connecting-rod. 

^ = ratio of crank radius to length of connecting-rod. 
L 

q = accelerating pressure in lbs. per square inch of tlie piston 
face necessary to overcome or retard the inertia of the 
moving parts. 

o> = the angle swept out by the crank arm. 

Pv* r 

Then q = — ^ (cos. co + ^ cos. 2 «) approximately. At the dead 

grf It 

point for the outstroke q^ = -^(l + f) ^^^ opposes the steam pressure 

if J 

at the dead point at the end of the stroke q^ = — M — -T j and 

assists the steam pressure. The space S, travelled by the piston 
when the crank arm has turned through an angle a> is given by 

S = r f 1 — COS. <a + — L. sin.* o> ) approximately. 
This distance S is best calculated by graphical construction. 
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The case of - = - is ahown in fig. 1027, 
For all Tftluea of S the ordinatca are plotted out. 




OuWrole— 


a = 0; 


Si = 


6 Pv». 
5 grf' 




«> = leo" 


9. = - 


4 P«« 

5 ^' 


Eitum ttrdke (steam preiMiire acting 


n opposite diieaion) — 




a = 180° 


?i = 


4 Pv» 

6 ?>/■ 




» = 360° 


9. = - 


6 PuV 
6^' 
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when fi> = 79' ; j = 0*46 H ; q = 0, 

(a = 259" ; s = 054 H ; 5 = 0. 

Ex<mfle,—Take an engine where D = 16'', H = 28", n = 100 ; 
L = 5r. 

Then as in preceding example — 

P = 798 lbs. V = 12-2 feet per sec. 

gr^ = I X 49-4 = 59-3. 
5 

q^=i X 49-4 = 39-6. 
5 

Suppose the steam pressure to be 140 lbs. per square inch at the 
beginning of the stroke and to be expanded five times ; the pressure 

at the end of the stroke would be "^ — 15 = 16 lbs. per 

square inch approximately. 

The pressure on the crank pin at the beginning of the stroke 
would be = (140 - 59*3)/ = 80*7/, and at the end of the stroke it 
would be = (16 + 39*5)/ = 65-5/. If the steam had been 
expanded 2*8 times, the pressure at the end of the stroke would 
equal the pressure at the beginning of the stroke. Had there been 
no expansion, the pressures would have been 80 7 /at the beginning 
and 179*6/ at the end of the stroke. The pressure on the crank pin 
at the end of the stroke would thus have been more than double the 
pressure at the beginning. 

The valves of q are plotted out in fig. 1027. In fig. 1028 the 
pressure on the crank pin is represented graphically when the steam 
pressure is maintained constant throughout the stroke. The shaded 
area above the line is exactly equal in area to the unshaded area 
below the line which could have been predicted since the energy 
communicated to the reciprocating masses at the beginning of the 
stroke is equal to the energy given up by them at the end of the 
stroke. 

In fig. 1029, we see the influence of the reciprocating masses on 
the pressure on the crank pin for the same engine when the cut-off 
is at 0*4 of the stroke. From the diagram it is apparent that with 
quick-running engines working with late cut-off, the pressure on the 
crank pin due to the inertia of the reciprocating masses, and the 
pressure of the steam combined at the end of the stroke far exceeds 
the admission pressure. Cushioning the steam gets over this, and it 
seems at first sight to be most advantageous to have the compression 
at the dead point = the final steam pressure + the pressure due to 

i> n 
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the reciprocating masses ; i.e., c — w ■}■ qa (fig. 1030). 
admission pressure can be easily calculated. 



Thus the 




Pig. 1080. 

In order to carry out a high degree of expansion, a high speed of 
piston is necessary, for the inertia of the reciprocating parts in this 
case compensates for the extreme variation in steam pressure conse- 
quent upon an early cut-oflf. If we consider smoothness of running 
only, the engine should be run so fast that the driving force pro- 
duced by the highest pressure of the steam cannot exceed the inertia 
of the reciprocating parts, then a knock upon the centres becomes 
impossible. 

The usual small compression given in slow-going engines causes 
nearly the whole of the initial pressure to act suddenly on the piston, 
and this makes the connecting-rod knock on the crank pin. 

The author holds that it is of the very greatest importance to have 
smooth and noiseless running, and this is only possible with the 
help of compression. In engines with double valve gear and large 
clearance spaces, it is difficult to obtain sufficient compression, most 
makers avoiding the large valves and eccentrics necessarily 
required. 

As a general rule, always endeavour to have the compresnon in a 
non-condensing engine at lea^t equal to half the admission pressure and 
in a condensing engine as much as possible. 

We can employ the standard proportions given on page 181. 
The valve gear, page 184, can only be used with divided valves 
{i.e.y in two short valves, one at each end of the cylinder for 
short ports) with small clearance space. The end pressure due to 

compression C = A£_i_^^ P^ can be determined by the use of the 

s 

Tables 148 and 149, when the valve s of the clearance space, and the 

portion of the stroke during which compression takes place^ are 

known. The pressures in the Tables are given in atmospheres. 

Non-condensing eiigines [P^ = 1*15], condensing engines [Pq = 0*2]. 

Value of g = —^ (atmos.) 

W7 
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Table 148. — Pressure due to Compression in Absolute Atmo- 
spheres for Non-Condensing Engines, P^ = 1*15 At. Abs. 



Com- 
pression 
period. 


_ _ 





Clearance space s in per cent. 

1 '" 













2 


s 


4 


5 


6 




8 


9 


10 


•00 


115 


1^15 


115 


115 


115 


M5 


M5 


M5Im5 


•025 


2-55 


210 


l'&7 


173 


1-63 


1-56 


1-50 


1-47 \ 1-44 


•050 


4-00 


3^06 


2'b9 


2-30 


211 


r97 


1-87 


1-78 1-72 


•075 


5^46 


4-03 


3-31 


2-87 


2-57 


2-38 


2-28 


2-11 201 


•100 


6-90 


4^90 


4^03 


3-45 


3 07 


2-79 


2-59 


2-42 2-30 


•150 




6^90 


5^46 


4-60 


4-00 


3-60 


3-31 


3 06 2 87 


•200 






6-90 


5-75 


4-98 


4-43 


4^03 


3^70 3 45 


•250 








6-90 


5-95 


5-29 


4-74 


4-34 4^02 


•300 








1 


6-90 


607 

1 


5-46 


. 4-98 4-60 

1 1 





Table 


149. 


For Condensing Engines P^ = 


= •2. 




•00 


•20 


•20 


•20 1 


•20 


•20 


•20 


•20 


•20 


•20 


•025 


•45 


•37 


•33 


•30 


•28 


•27 


•26 


•26 


•25 


•050 


•70 


•53 


•45 


•40 


•37 


•34 


•33 


•31 


•30 


•075 


•95 


•70 


•57 


'50 


; -45 


•41 


•38 


•37 


i 35 


•100 


, r20 


•86 


•70 


•60 


1 -53 

1 


•48 


•45 


•42 


•40 

1 


•150 


! 1-70 


1-20 


•95 


•80 


•70 


•63 


•57 


•53 


[ 50 


•200 


; 2-20 


1-53 


1-20 


1^00 


•86 


•77 


•70 


•64 


•60 


•250 


1 2-70 


1^86 


r45 


1-20 


, 1^03 


•97 


, -82 


•75 


, -70 


•300 


1 3-20 

1 


2^20 


1^70 


1-40 


1^20 

1 

1 


105 


^95 

1 


•86 


i -80 

1 



The pressure of the compression C rises to a height which may be 
obtained by the formula 

C = ^-Jtll p. 



o 



and can be taken from the above tables for any given per-centage of 
clearance. 

D D 2 
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Tabjjb 150. — ^Values of — -^ in Atmospheres. 

^9f 



Stroke 

in 
iuches. 

H 


Diam. of 

piston in 

inches. 

1 " 


1 




Revolations per minnte 


n. 






50 


75 


100 


150 


1 200 


800 


! 400 

1 


500 


6 


4 


•04 


•08 


. 15 

1 


•35 


•60 


1-40 


1 

2-50 


4-00 


12 


8 


•10 


•21 


' -40 


•90 


1-60 


3-50 






20 


12 


•18 


•42 


•70 


1-50 


3-00 









28 


16 


•27 


•60 


100 


250 


430 








36 


20 


•34 


•75 


1-30 


3^00 


540 








44 


24 


•40 


•90 


1-60 


350 






1 




48 


28 


•45 


105 


1-80 


400 










56 


32 


•60 


1-20 


210 


4-70 






— 
1 


— 


64 


36 


•60 


1-35 


2-40 


5-40 






1 

1 




72 


40 


•70 


1-50 


2^70 


600 











Pv' 1 

Uiiit to calculate with — ~ x 



47r« n« H 



180 X 32-2 X 14-7 



^S 14-7 
•0000463 n« H in atmosplieres. 
•0000463 X 147 w" H = -000681 n« H in lbs. per square inch. 
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Let H . 48", 
D = 28", 




..iw, £. 


By the table 


51. 415 ..„<.. 


Thii> 


,,.4-15x|. 




,,.415x1. 


Initial pressure 


p = 7 atmoa. 

h = cut-off at 0'2. 


Tliis gives the 


pressure diagram, fif 




SECTION XII. 

FRICTION BRAKE, DYNAMOMETER. 

In making trials of small engines, a friction brake is used to 
absorb the power during the trial. The original friction brake, fig. 
1032, is due to Prony. A pair of wooden clamps, to one of which a 
lever I is fixed, are bolted together, fig. 1032, and nip the shaft to 

which they are applied with more or less 

pressure according to the tightness of the 

bolts; the shaft being run in the direction 

of the arrow, tends by friction between 

the clamps and shaft to raise the weight 

G ; if the shaft runs uniformly and the 

belts are adjusted so as just to keep the 

weight balanced, the effect is very nearly the same as if the work 

done was tliat of raising the weight continuously at the speed G 

would move if allowed to run with the shaft. 

Let G = the weight required in lbs. 
I = the length of the lever in feet. 
n = the revolutions per minute, so the " brake horse 
power " given out by the machine will be 

B HP = G X ?^ ^ ^ y^^ 

33000 

and G for any required load will = — ^ / . 

27r X n X i 

This form of brake is still used in special cases, but the more 
modern form of rope brake, fig. 1033, is now much used. The rope 
E is spliced or seized together at one end, and passed through the 
" bight " as in the figure ; to the upper a spring balance is hooked, 
the balance itself being hung from a firm support ; to the other end 
are attached the weights necessary to give the required load. The 
rope is kept in its place by blocks of wood 6,6 ; a small block of wood 
c, is inserted to keep the rope from nipping the other part which is 
on the wheel. If required for long runs, the wheel is made with 
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deep flanges P, and water ia run in to keep it cool. The calculation 
is the same as for the Prony brake, taking the length of I from the 
centre of the shaft 8 to the centre of the rope ; but in measuring the 



work done, frequent readings of the spring balance mnst be taken 
and subtracted from the weight to give the time load lilted. These 
brakes work very well, rer[uire but little attention and are fairly 
reliable. 



SECTION XIII. 

SUNDAY DETAILS. 
Diagrams of Special Reversing Ghears. 

In addition to those already shown on page 224, the diagrams 
below show the principle of some special reversing gears that are 
sometimes nsed for marine and other engines.* 





Figs. 1034, 1085.— Reversing gear hy Hack worth. 



* <i 



Zsitschrift der deutsch iDgenieur/' 1885, page 949. 



BARRING APPARATUS. 




Figs. 1039, I040.-Simpl< 



&UKDKT DSTA11.8. 





STRENGTH OF BOLTS. 



411 



Table 151.— Streng^ of Bolts. 



Diameter of 
bolts. 



No. of threads 
per inch. 



f 



10 



4 

i 
1 

It 

2 

2J 
2i 



16 
14 
1-2 
11 
10 
9 
8 



7 
6 
6 



5 



5 

4 
4 



Diameter at 

bottom of 

thread. 



•295 

•346 

•393 

•508 

•622 

•733 

•840 

•942 

1-070 

1161 

1287 

1369 

r494 

1715 

1-930 

2-180 



Area at bottom 
of thread in 
sq. inches. 



•0683 
•0942 
•1213 
•2027 
•3039 



Load on bolt in 

lbs. when stress 

on metal is 1 ton 

per sq. inch. 



153 
211 
272 
454 
681 



•4230 


945 


. -5542 


1241 


•6969 


1561 


•8992 


2014 


V0569 


2368 


1-2999 


2910 


1^4210 


3193 


1-7530 


3927 


2-3087 


5172 


29241 


6550 


37311 


8358 



All Dimensions are given in Inches. 



SECTION XIV. 

BOILERS. 

In the following pages (412 to 429), particulars of the most usual 
types of boilers will be found, together with figures showing their 
general construction. 

Elephant or French Boiler. 

Figs. 1045, 1046, show this type of boiler, which has been largely 
used in France and occasionally in England ; the table gives the 
general proportions. 

Table 152. — DimensionB of Elephant Boilers. 



Nominal H.P. .10 


•12 


•15 


•20 


•25 


•30 


Length of boiler in feet . . . 


14 


16 


18 


23i 


28 


30 


Diameter of heaterSjOr " bouilleurs," ) 
in inches . . . . ( 


18 


19 


20J , 21i 


23 


24 


Diameter of shell in inches 


30 


32 


34 


36 


38 


40 


Approximate heating surface in sq.ft. 


169 


203 


254 


338 


422 


507 




Figs. 1046, 1046. -Elephant Boiler. 
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Cornish Boilers. 





Figs. 1047, 1048. 

Tills type, together with the donble flued or Lancashire boiler, 
fig. 1053, is perhaps more largely used on land than any other type 
for supplying steam for steam-engines, or general manufacturing 
purposes. 

The Tables 153 to 166, with the exception of table 161, give the 
dimensions of these boilers by different English makers. 



Table 153. — Dimensions of Cornish Boilers made by 
Messrs. Marshall, Sons & Co. Limited. 



Nominal H.P. 


4 


6 


8 


10 


12 


14 


16 


20 


25 


Dia. of boiler . 


3' 10" 


4' 5" 


4' 6" 


4' 9" 


6' 3" 


5' 4" 


6' 9" 


6' 2" 


6' 2' 


Length „ 


9' 0" 


icyr 


13' r 


14' 6" 


14' 9" 


17' 6" 


19' 4" 


21' 0" 


26' 3" 


Dia. of flue 


24 


28 


29 


31 


34 


34 


36 


39 


39 


No. of Gallo- ) 
way tubes J 










2 


3 


3 


4 


4 


Weight in cwts. 44 


67 


77 


104 


110 


139 


153 


180 


215 



Table 154. — Cornish Boilers made by Messrs. Davey, 

Paxman & Co. 



Nom. H.P. 


4 


6 


8 


10 


12 


14 


16 


20 


25 


30 


Dia., boiler 


3' 6" 


3' 8" 


4' 6" 


4' 6" 4' 9" 


4' 9" 


5'0" 


5' 6" 


5' 6" 


5' 9" 


Length „ 


9'0" 


12' 0" 12' 0" 


15' 0" 


15' 0" 


18' 0" 


20' 0" 


21' 0" 


24' 0" 


26' 0" 


Dia. of ) 
flue, ins. ) 


24 


24 


30 


30 


32 


32 


33 


36 


38 


38 



BOILBBS. 

Seating for Cornish Boilera (Fige. 1049—1061). 



The ordiDAry arrangumeut of Hues t'oi Cornish boilera is shown in 
the above figures, 1049, 1051 ; in all esses where possible, the flues 
eboiild be made large enough to admit of tboTOUgh inspection being 
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Table 155. — Comislx Boilers made by Messrs. Buston, 

Proctor, Limited. 



Nominal H.P. . 


3 


4 


6 


8 , 10 . 12 


14 


16 ! 20 


Diam. of boiler. 


3'0" 


3' 6" 


4'0" 


4' 6" 


4' 6" 


5'0"j 6'0" 


5' 6" 6'0" 


Length of boiler 


8'0" 


9'0" 


lO'O" 


12' 0" 


15' 0" 


16' 0" 18' 0" 


19'0"20'0" 


Diam. of flue . 


20 


22 


24 


28 


28 


32 


32 


38 40 


No. Galloway ) 
cross tubes . J 


1 


1 
2 1 2 


2 


3 


3 


3 


4 4 



Table 156. — Comish Boilers made by Messrs. Bansomes, 

Sims A Jefferies, Limited. 



Norn. H.P. 


4 6 


8 10 12 


14 


16 20 


25 30 


Dia., boiler 


3' 6", 4'0" 

1 


4' 6" 4' 6" 5'0" 


5'0" 


5'6"i 5' 6^ 


6'0'' 6'0* 


Len^h ,, 


9' 0"ilO' 0" 


12'0"15'0"16'0" 


19' 0" 


20' 0" 


23' 0'',24' 0"!27' 0^ 


Dia. of flue 


24 ' 24 


28 ' 28 ' 32 


32 


36 


36 


40 ! 40 


No. Gallo. 
cross-tubes 


1 1 

1 


2 2 2 


' 1 
3 ! 3 1 4 1 4 6 

1  i 



Double-Flued or Lancashire Boiler (Figs. 1052, 1053). 





Fig. 1052. 



Pig. 1053. 



This type is generally used for large boilers on land, and is very 
efficient and durable. Below are tables of dimensions of these 
boilers by the same English makers as those given of Cornish 
boilers, and in the same order. 

Table 157. — Dimensions of Lancashire Boilers. 



Nominal H.P. . . . 


20 


25 


30 


35 


40 


Diameter of boiler 


6' 2" 


6' 6" 


6' 8" 


6' 8" 


7'0" 


Length .... 


. 19' 0" 


22' 0" 


24' 0" 


27' 0" 


28' 0" 


Diameter of flues 


. 28" 

1 


30" 


30" 


30" 


32" 


Weight in cwts. 


. 200 


235 


250 


276 


300 



i 
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Table 158. 



Nominal H.P. 


20 25 


30 35 i 40 


45 


50 


65 


Diameter of boiler . 


5' 6" 5'6"i 6'0" 6' 3" 6' 6" 

j 


6' 9" 7'0" 

 


7' 6" 


Length of boiler 


19' 0" 21' 0" 22' 6" 24' 0" 26' 0"i28' 0" 30' 0" 


30' 0" 


Diameter of flues . 


24 1 24 i 27 28 30 31^ 33 36 

' 1 i 





Table 159. 






Nominal H.P. 


1 1 
18 22 25 28 30 


35 40 


50 


Diameter of boiler . 


5' 6" 6'0" 6'0" 6' 6" 6' 6" 6' 6" 7'0" 

) 1 1 


7'0" 


Length of boiler 


19' 0" 20' 0" 24' 0" 24' 0" 26' 0" 28' 0" 28' 0" 

1 1 


30' 0" 


Diameter of flues . 


22 26 i 26 29 29 


29 31 


31 


No. of Galloway / 
cross-tubes . \ 


6 6 16 6 6 

1 

1 


8 , 8 10 

i 



Table 160. 



Nominal H.P. 

Diameter of boiler . 

Length of boiler 

Diameter of flues . 

No. of Galloway ) 
cross-tabes . j 



16 


20 [ 25 


30 


35 


40 


6'0" 


6'0" 6' 6" 


6' 6" 


7'0" 


7'0" 


19' 0" 


22' 0" 23' 0" 


26' 0" 


28' 0" 


30' 0" 


28 


28 28 

1 


28 


32 


32 



45 50 
7' 6" 7' 6" 
28' 0" 30' 0" 
36 : 36 



6 



6 



8 



8 



8 



8 



Seating for Lancashire Boilers (Figs. 1054 — 1056). 

The flues in the above figs. (1054 — 1056), are shown arranged for 
the hot gases to pass through the flues, then down underneath the 
boiler, then round the sides, and finally to the chimney. With 
Cornish boilers the flues are usually arranged to take the hot gases 
round the sides first, and then along underneath the boiler. Each 
method has its advocates, but it is generally held that in Lancashire 
boilers the hottest possible gases should pass underneath, in order to 
act on the body of water between and below the flues ; in Cornish 
boilers there is less water under the flue. 



E E 



Comiili Boiler* of Osnniui T7pe, with Flue on one side. 

Fig. U»T. Ftg. lose. 



i;.a^ 











(Figs. 1057- 


-1060). 










POWM. 


Hentiiig- 




B 




' 




' 


' 


2 


&4 


95 


77i 


70 


18 


32 


6 


20 


20 




97 


136 


82 


75 


20 


36 


7 


20 


20 


6 


140 


173 


85 


77 


22 


39 


7J 


20 


20 


8 


172 


198 


87 


78 


24 


43 


8 


24 


24 


10 


215 


220 


92 


81 


26 


47 


9 


24 


24 


15 


300 


228 


98 


90 


28 


51 


10 


24 


24 


26 


430 


285 


110 


94 


30 


55 


11 


28 


2S 


40 


690 


340 


118 


94 


3S 


5fi 


12 


28 


28 


60 


860 


427 


138 


96 


34 


63 


13i 


28 


" 



lioDB Id Inches BKwpt hMting-Bnrhce, which ia give 
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Cylindrical Multitubular Boilers. 




Pigs. 1061, 1062. 



Table 162. — ^DimeiiBions of Multitubular Cylindrical 

Boiler (Figs. 1061, 1062). 



Nominal H.P. . 6 


i 1 1 
8 10 12 14 


1 

16 20 1 25 

1 


30 


35 40 

1 


50 


Dia. of boiler . 3 J 


3i 4 ' 4 4, 4^, 5 5 6 

I 1 


6 6i 


64 


Length „ 6 7i 8 9 9^ i lOj ' 11^ 12^ , 12^ 13^ 13^ 


15 


No. of tubes . 22 22 28 i 28 

1 


32 


32 38 44 40 


52,60 60 


Dia. of tubes . 

1 


1 










1 


j ] 
Heating-surface - — . — — 

i 




1 


r 

1 



This type of boiler is set in brickwork, the furnace and flue doors 
being also built in. 

The boiler is fired from below, and the gases pass along under- 
neath the boiler and through the tubes, returning back by the sides 
to the chimney. The tubes are easily got at for cleaning, and 
almost any description of fuel may be used. These boilers are 
suitable for export, owing to their small size in proportion to their 
heating surface, and are convenient for export. 
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BOILERS. 



Multitubular Loco-Type Boilers. 
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Fig. 1063 



Table 163.— Multitubular Loco-Type Boilers for 140 lbs. 

working pressure. 



Nominal Horse-power. 



8 



10 



I I 

12 16 20 



I I 

25 30 40 



Diameter of boiler . 

Length of boiler . . 

Number of tubes 

Length of tubes . . 

Diameter of tubes . 

Heating surface . . 

Length of fire-box . 

Grate area, sq. ft. 
Thickness of plates, I 

tube . . . j 
Thickness of fire- ) 

box, top and sides ) 
Thickness of front ) 

plate, fire-box . \ 

Thickness of front ) 

tube plate, fire-box ] 

Thickness of barrel . 

Diameter of chimney 

Length of smoke-box 



31i 33^ 35^ 39 41 J 47^ 50 52 

135 14G 148 162 172 187^ 189^ 235^ 

36 I 43 ' 58 64 73 

96 102 1 108 108 123 
2i 2i 2i 2i 2i 



31 38 34 

77J 81 81 
2J 2i 2i 



144-2 158-3 189-7 230-2 285-5i398-0 439-5 618-4 



31 
5 



7_ 
16 



7_ 
16 



35 i 35 ! 37 I 38 1 43^ 45| 56| 

6-5 7-3 ! 7-8 9-0 i 121 136 17*7 

t t t t I I i 

i i 4 i 4 



7_ 
16 



J_ 

16 



X 

16 



J_ , JL 
16 16 



12 I 15 
24i j 25 



11 

16 



X 

16 



X 

16 



15 ,15 18 
25 I 25 , 26i 



h \ i i 2 



I 



16 I 2 2 

18 ! 20 I 26 



31i 



31i 40i 



Dimensions in Inches, except heating surface which is in sq. feet. 

This is a well-tried type of boiler, and is univei-sally used for 
locomotives, and portiible and traction engines. 
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Mtiltitubiilar liOco-Type Boilers. 

These boilers are similar to those shown, fig. 1063, Table 163, but 
for smaller powers ; and are for 80 to 90 lbs. working pressure. 



Table 164. — Dimensions of Loco-Type Boilers. 



Horse-power. 


8 

28J 


4 

31i 


5 

33^ 


6 

35^ 


7 

37i 


8 

39 


9 

39 


10 

41i 


12 

43i 


Dia. of boiler 


Length „ . . 


102i 


115 


115J 


117 


125 


129 


133 


139 


146i 


No. of tubes 


15 


19 


21 


25 


27 


31 


33 


36 


39 


Length „ . . 


57 


66 


67 


67 


72i 


76 


78 


78| 


87i 


Dia. „ 


^ 


2i 


2i 


n 


2i 


2i 


H 


2i 2i 


Total heating- ) g^.^ 
surface of bouer ) 


94-5 


105-5 


1220 


140-7 


165-5 


179-5 


197-8 


234-9 


Length of fire-box 22 J 


24J 


25 


25J 


26J 


27J 


29i 


32J 


32i 


Grate area, sq. ft. 3*37 


4-59 


4-67 


507 


5-51 


6-16 


0-59 


7-83 


8-28 


Thickness of Vi 
front tube J ^ 


i 


i 


A 


_9. 
16 


ft 


_9_ 
16 


9. 
16 


i 


„ fire-box ) g 
side & top plates 5 1 ^« 


5 
16 


_5. 
16 


JL 
16 


« 


« 


i 


§ 1 f 


Thickness of fire ) 
box front plate j 


5 
16 


& 


_5. 
16 


16 


f 


s 


t 


§ 


a 


Thickness of fire ) 
box tube plate j 


i 


i 


i 


16 


9 
16 


* 


16 


ft t 


Thickness of ) 
barrel plates J 


i 


i 


i 


5 
16 


5 
10 


5 
16 


5 

16 


f 1 f 


Dia. of chimney. 


8 


9 


10 


12 


12 


12 


12 


15 


15 


Length of ) 
smoke-box . ( 


17 


19 


19 


19| 


20| 


20| 


20 


20 


21i 



Dimeusions in Inches, except heating surface which is given in sq. feet. 



Vortical Boilen. 




Owing to the comparatively 9inHl1 space which vertical boilera 
occupy, and tlieir convenient shape, they are largely used, notwith- 
standing the fact that their efficiency doeH not approach to either 
Comish, Lancashire, oc multitubular boilers. The form shown on 
fig. 1067, is in most general use, owing to its simplicity and cheap- 
ness ; it is at the same time perhaps the most wasteful of fuel, to do 
away with which defect many other forms of vertical boilers have 
been constructed, to give increased heating surface ajid greater 
economy. Fig, 1064 shows one of these arrangements, in which the 
uptake is dispenaed with, the gaaea, &c., from the fire-box pasaing 
through vertical tubes to the chimney. Fig, 1065 shows a vertical 
boiler constructed by Messrs. Cochrane, of Biikenhead. In this 



TERTIOAI. B01LEB8. 



CEise the gases are conducted up one side of the boiler, and ilien pass 
tluongh B number of horizontal tubes to the uptake ; the tubes being 



arranged to give easy access for cleaning. Fig, 1066 shows a good 
form of vertical boiler by Messrs. Tinker, Shenton & Co. 
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Small vertical boilers are naed for ateam fire-engines where steam 
~ e raited im the Tery altortest possible time. They have a 




Fig. lOro.— Fire^ngfne tn^er 
Kitb Held tofwi. 




Fig. 1071.— Flie-engins boilBi witk croae-tubu. 

veiy Hmall water capacity, and are made to take to pieces for 
cleaning. Figs. 1069 to 1071, show in dUgrein types of these 
>inilers. 



MARIKB BOILEBS. 



Marine Boilers. 




boiler boa gradually settled down, after many 
internally fired flue and tulie boiler, and has 



now been succeesfully used on board ship for preeaurca up to 170 
lbs. ; 160 being, however, the UBual limit. Figs. 1072, 1073, show 
in diagram the general conBtniction of the modem marine boiler. 



WATER-TUBE BOILEHS. 



Water -Tube Boilers. 



A ftumber of these boilers have heen deaigwed, hut only a lew 
have been successful ; fig. 1076 shows one well-known type made by 
Messrs. Babeook & Wilcox. The tubes are expanded into connecting 
boxes in zig-zag, fijfi. 10T4, lOTS, Fig. 1076 shows (he arrangement 



Flt|.]OTe. 

of flues, and fig. 1074 a partial longitudinal section taken at the 
front end of the boiler. A mud drum is provided, to form a recep- 
tacle for the deposit as it falU down into the more quiescent parts of 
the boiler. Steam can he raised very rapidly in these boilers, and 
they have been much used in electric lighting stations. New types 
of wal«r-boilers are being now brought oat for torpedo boats and 
small steam crai't. 
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VALVES. 



Lever Safety Valve. 




Fig. 1077. 



Table 167. — ^Dimensions of Ordinary Lever Safety Valves. 



Diameter of valve .... 


r 


2r 


3^ 


Area of valve (8q. ins.) . . . 


31416 


4-9087 


7*0686 


Length from fulcrum to vah e 


^ 


2i 


2i 


Length of lever 60 lbs. . . . 


30^ 


30"^ 


30^ 


„ 80 lbs. 


40^' 


40^ 


40^ 


Weight (in lbs.) 60 lbs. . . . 


15i 


24i 


35i 


Diameter weight .... 


4|^ 


5r 


er 



With the above proportions to find the length of lever for a given 
blow-off pressure : multiply the area of valve by the blow-off pres- 
sure, and divide by 12 ; the quotient will be the required length in 
inches from the fulcrum. 



SAFETY VALVES. 
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Pig. 1078. 



Table 168. — ^DimensiozLS of Bamsbottom's fikifety Valves 

(Fig. 1078). 



1 

1 

Diameter of valves . . . ' 1 J 


If 


2J 


H 


3 


H 


Diameter of flange . 7| 


9 


9 


10 


"i 


12 


Between centres of valves V 


^ 


7 


H 


8i 


H 


9| 


Height from flange to top 
ot casting . . . { 


16 


m 


18i 


21* 


23^ 


25i 


Thickness of lever 


16~16 


«-§ 


l-fe 


i-i 


i-i 


i-i 


Total length of lever . . 


m 


17i 


18i 


26 


m 


26| 


Length of spring . 


^ 


6J 


ea 


8f 


9^ 


10^ 


Diameter of spring . . . 


2i 


2J 


3 


H 


3i 


H 


Pall on spring for 140 lbs. pres. 


494-7 


473-4 


992-8 


1374-2 


1979-0 


2693-8 


Pull on spring for 90 lbs. pres. 


318-0 


432-9 


638-2 


883-4 


1272-2 


1731-7 



Dimensions are given in Inches. 

A loose link (not shown in the figure) is provided, to connect the 
lever L with the eye to which the spring is attached, so that, if the 
spring should break, the lever would be held by the link, and thus 
the valve would only blow off, but not leave the seat. 



Dead-Weight Safety Valve. 

Fig. 1079 represents a group of 3 dead-weight safety valves, one of 
the group being shown in section. This class of valve is made 
single, or with several valves in n group attached to the same liase. 
The valve V is fixed in the interior of the circular casting C, on 



which are placed the weights tc, ic. The seating for the valve is 
fixed on the top of the pipe P. The pipe in fig. 1079 ia shown of 
wrought iron, although often made of east iron. This type of safety 
valve requires no guides, as all the weights are helow the valve, and 
therefore it returns hy its owd gravity to its proper place. 

It is also very diflicult to tamper with, owing to the large increase 
of weight required to make any appreciahle difference to the blowing- 
nff pressure. 
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Table 169. — ^Hyperbolic IjOgraritlims. 



No. 


Hyi\ log. 


No. 

26 


Hyp. log. 


No. 


Hyp. leg. 


No. 


Hyp. leg. 


I 


000000 


3-26810 


51 


3-93183 


76 


4-33073 


2 


0-69315 


27 


3-29584 


52 


3-96124 


77 


4-34381 


3 


1-09861 


28 


3-33220 


53 


3-97029 


78 


4-35671 


4 


1-38629 


29 


3-36730 


54 


3-98898 


79' 


4-36945 


5 


1-60944 


30 


3-40120 


56 


4-00733 


80 


4-38203 


6 


1-79176 


31 


3-43399 


56 


4-02535 


81 


4-39445 


7 


1-94591 


32 


3-46574 


57 


4-04305 


82 


4-40672 


8 


2-07944 


33 


3-49651 


58 


4-06044 


83 


4-41884 


9 


2-19722 


34 


3"62636 


59 


4-07754 


84 


4-43082 


10 


2-30269 


.35 


3-56535 


60 


4-09434 


86 


4-44265 


11 


2-39790 


36 


3-58352 


61 


4-11087 


86 


4-45436 


12 


2-48491 


37 


3-61092 


62 


4-12713 


87 


4-46691 


13 


2-66495 


38 


3-63759 


63 


4-14313 


88 


4-47734 


14 


2-63906 


39 


3-66356 


64 


4-15888 


89 


4-48864 


16 


2-70805 


40 


3-68888 


66 


4-17439 


90 


4-49981 


16 


2-77259 


41 


3-71357 


66 


4-18965 


91 


4-51086 


17 


2-83321 


42 


3-73767 


67 


4-20469 


92 


4-52179 


18 


2-89037 


43 


3-76120 


68 


4-21951 


93 


4-53260 


19 


2-94444 


44 


3-78419 


69 


4-23411 


94 


4-54329 


20 


2-99573 ' 


45 


3-80666 


70 


4-24860 


95 


4-55388 


21 


3-04462 


46 


3-82864 


71 


4-26268 


96 


4-56435 


22 


3-09104 


47 


3-85015 


72 


4-27667 


97 


4-67471 


23 


3-13549 


48 


3-87120 


73 


4-29046 


98 


4-58497 


24 


3-17805 


49 


3-89182 


74 


4-30407 


99 


4-59512 


25 


3-21888 


50 


3-91202 


76 


4-31749 


100 


4-60517 



Hyp. log. 10, correct to eight places of decimals, = 2-30258609. 

Common logs, multiplied by 2-30268 give hyperbolic logs. 
Hyp. log. 76 = 4-31749. 
Hyp. log. 7-6 = 4-31749 - hyp. log. 10. 
-31749 - 2 30268 = 2-01491 the hyp. log. of 7-5. 
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STKAM VOLUMES AND PRE88URES. 



Table 170. — ^Voluxnes and Pressures of a Pound of Steam. 



1 

Temp. Fahr. 
95 1 


Absolute pressures 

in lbs. per 

sqaare inch. 


Volume occupied 

by 1 lb. of steam 

in cubic feet. 


•806 


404-8 


1 

104 ' 


106 1 


312-8 


122 ! 

1 


1-78 


192-0 


140 ; 

1 


2-88 


1220 


158 


4-51 


8002 


176 


6-86 


53-92 


203 


12-26 


31-26 


230 


20-80 


19-03 


248 


28-83 


14-00 


266 


39-25 


10-48 


276 


45-49 


9-124 


293 


60-40 


6-992 


320 


89-86 


4-816 


329 


101-9 


4-280 


347 


129-8 


3-410 


356 


145-8 


3-057 


365 


163-3 


2-748 


374 


182-4 


2-476 


383 


203-3 


2-236 



INDEX. 



A IB-PUMP, outline methods of 
driving, 271 

and injector condenser, 272 — 282 

horizontal vdth buckets, 273 

with plunger, 279 

Horn's patent, 277 

vertical, 272 



with surface condenser, Buston 

& Proctor, 283 
Allen's straight link reversing gear, 

230 
Atmospheric engine, Newcomen's, 1 
Attachment of cylinder to frames of 

engines, 110, 111 



BABCOCK & Wilcox water-tube 
boilers, 429 

Barring apparatus, 410 

Bearings, crank-shaft, 37 — 46 

Bed-plates, horizontal engines, dimen- 
sions of, 19 

Boilers, Cornish, 414 

seating, German, 418 

English, 415 

cylindrical multitubular, 419 

elephant, 412 

Lancashire, 416 

seating, 417 

7 marine, 427 

multitubular loco-type, 420, 421 

vertical, 422 

dimensions of, 424 

Cochrane, 422 

Hop wood's, 425 

Tinker, Shenton & Co., 423 

fire-engines, 426 

water-tube, Babcock & Wil- 
cox, 429 

Bourne, return connecting-rod engine, 



8 



Brasses, crank-shaft from actual prac- 
tice, 41 

pressure on, 41 

result of wear, 39 

Brotherhood's radial engine, 9 



CALCULATIONS for power and 
steam consumption, 383, 384 
Central valve engine, Willan's, 9, 348, 

349 
Clearance space with different steam 

ports, 102 
Coal consumption, comparative, 4 
Compound engines, beam, 8 

Corliss, 298 

dimensions of, 297 

floor space occupied by, 3*3b 

Homblower's, 3 

outlines of, 10, 11 

ratio of cylinder volumes, 

receivers for, 351 

tandem horizontal, 334 

undertype, 330 

Condensers and air pumps, 

injector, 272—282 

- horizontal with buckets, 



273 



with plunger, 279 
Horn s patent, 277 



vertical, 272 

surface, Ruston & Proctor, 283 

Theisen's water cooling appara- 
tus for, 285 
Connecting-rods, 62 

dimensions of, 67 — 71 

Crank-shaft bearings, 37 — 46 

brasses, from actual practice, 41 

pressure on, 41 

result of wear, 39 
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INDEX. 



CrankB and crank-shafts, 47 — 61 

discs, 47— W 

Crank pins, 63 

lubrication, 57 — 68 

particulars from actual prac- 
tice, 63 
Crosby's indicator. 369 
Crossheads, 73—80 

pins, 76—83 

Cylinders, attachment to frames. 



110 



clearance space, 101 



with Corliss gear, 98 

covers and glands, 112—119 

feet, 103 

Uners, 104-106 

mushroom ralves, 98 

ordinary slide valve, 96 — 108 

Rider's valve gear, 97—99 

steam jacket, 104 — 106 

thickness of metal, 100 

triple expansion engines, 98 

valve chests and covers, 119 — 124 



DAKKE'S Indicator, 369 
Davey, Paxman &Co. double and 
single cylinder vertical engines, 346 
compound undertype engines, 

347 
single cylinder undertype engines, 

347 

Diagrams, 

of engines, 6—10 

of governor*", 133—135 

indicator, 160, 373 

combined, 374, 380 

defects in, 379 

example from actual prac- 
tice, 376—378 

measuring of, 373 

sUde valve, 164—192 

valve gears', 176—179 



Dynamometer friction brake, 407 



ECCENTRICS, 211-213 
Efficiencv, coefficient of, 390 
Ellipse valve for Meyer's gear, 187 

Rider's gear, 187 

simple gear, 186 

En^nes, Beam, Boulton & Watt, out- 
line, 6 

compound Wolf, 8 

McNaught, 8 



Engines, Bourne's, return connecting- 
rod, 8 

Central valve, Willan's, 9, 348 

particulars of, 348, 349 

Corliss, examples of, 295 

compound examples of, 

298 



— compound examples of, 297 

arrangement of cylinders 

and ports, 360 

tandem, glands and connect- 
ing pieces, 362 

- ratio of cylinder volumes. 



363 



363 



receivers 364, 366 

vertical for screw steamers, 

diagonal for paddle steamers, 



364—366 

dimensions of, 367 

— Evans', 2 

— Elder John, 4 



by English makers, 

Davey, Paxman & Co. : 
double and single cylinder verti- 
cal, 346 
compound undertype, 347 
single cylinder undtflrtype, 347 
John Fowler & Co. : 
compound coupled non-condensing 

engine, 342 
compound undertype, 343 
Marshall & Son : 
portable, 322—323 
vertical, 320, 321 
Ransome, Sims & Jefferies : 

long stroke hoiizontal, 318, 319 
Robey & Co. : 
double cylinder vertical, 339 
compound undertype, 340 
horizontal girder, 341 
Ruston & Proctor : 
horizontal self-contained, 324, 

326 
horizontal, 328, 329 
vertical, 326, 327 
E. R. & F. Turner : 
coupled compound condensing, 

338 
tandem compound, 334, 336 
portable single cylinder, 332 
compound, 331 
Willan's: 
central valve engine, 348 
Engine foundations, 314 — 316 

frames, 16 

fnctional resistance, 391 

girder outline of, 6 

Engines, general remarks, 13 



INDEX. 



487 



Engines, bed-plate, outline of, 5 

dimensions of bed-plates, 19 

girders, 31 

examples of simple, 292 

compound, 297 



floor space required by simple. 



300, 336 



compound, 301 
tandem compound, 337 



frames for single, 16—18 

2 or 3 cylinders, 32 

Engine, Homblower, 3 

inclined frame paddle, 8 

double cylinder, 9 

cylinder compound, 9 

inertia of reciprocating parts, 

398 
Engines, marine, yertical outline of, 

7 

names of parts, 12 

oscillating, outline of, 6 

patterns, cost of, 313 

radial, outline of, Brotherhood's, 

9 

steeple, outline ofj 7 

Engine, triple expansion, outline of 

arrangements of, 10, 11, 362 

— leading particu- 



lars of, 358 



grams, 359 



indicator dia- 



actual practice, 360 



particulars from 



cylinder volumes, 361 
— Trevitick & Vivian, 2 
trunk outline of, 7 



proportions of 



Engines, vertical outlines, 5 
marine, 7 



vertical frames small, 33 — ^35 
marine, 36 



Engine, Watt, 2 
— - Wolf, Arthur, 4 
Engines, weights of, 302, 311 

connecting-rods and cranks, 

308 



- crankshafts, fly-wheels and 
bearings, 304 

- cylinders and covers, 306, 



307 



302 



303 



305 



eccenbics, 309 
foundation bolts, 311 
frames and crossheads, 

governor bracket, 310 
piston- and piston rods, 

valves and valve rods, 



Expansion curve of steam, 152 

graphic method of drawing, 

152 



FEED- WATER heater, Duhnen, 
290 

-' Marshall & Son, 289 

pumps, 286—288 

FJy-wheels, 125—132 

for rope drive, 129, 130 

Foundations of engines, 314 — 316 
Fowler, John & Co., compound coupled- 

non-condensing engines, 342 

undertype engines, 343 

Frames of engines, 16 

Frictional resistance in engines, 

393 
Friction brake, 407 



r\ LAND'S piston-rod, 112—119 
vT Gooch's reversing-gear, 231 
Governor-bracket Rider's, valve- gear, 

207—209 
Governors, cross-arm, 139, 140 

Hartnell auto-expansion, 142 

crankshaft, 143 

Kley's, 138 

Lauchammer, 141 

Moore, 147 

outline diagrams of, 112 — 119 

Porter's, 137 

— Proell, 139 

Turner Hartnell, 146 



H 



A R T N E L L, auto-expansion 
governor, 142 

crankshaft governor, 143 

Heaters, feed-water, Marshall & Son, 
289 

Diilmen, 290 

Homblower's engine, 3 
Horn's condenser, 277 



TNDICATORS, Crosby's, 369 
1 Darke's, 369 



Richards', 368 
Thompson's, 368 
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Indicator dUgraint, triple expansion 
engines, 359 

diagrams, 151 

measuring of, 373 

combined, 374 

examples from actual prac- 
tice, 375—378 

defects in, 379—382 

general remarks, 150 

gear, examples of, 370 — 



372 



372 



sliding joint for string, 



Inertia of reciprocating parts, effect 
of, 398 



JACKETS, steam, for cylinders, 104 
—106 



K LET'S goTemor, 138 
Eonig valve gear, 249 
Euchenbecker's gear, 247 



L 



UBRICATOR, crank-shaft, 57, 58 



M 



ABSHALL & SOX, portable 
engine, 322—323 

vertical engine, 321 

McNaught's beam engine, 8 
Maudslay's vertical engine, 7 
Meyer's hand adjustment for valve 

gear, 193 

slide valves, 156, 187 

particulars of, 182— 

183 
Moore's governor, 148 — 149 



Piston elands, 112—119 

valves, 163, 222, 223 

tail-rod guides, 114, 115 

Pius Fink, reversing gear, 229 
Porter's governor, 137 
Power, calculations for and steam con- 
sumption, 383 

compound engines, 395 

ProelPs, governor, 139 
Pulleys, rope grooves, 129, 130 
Pumps, feed, 286—288 



RANSOME, Sims & Jefferies, long- 
stroke horizontal engines, 318, 

319 
Receivers for compound engines, 354, 

355 
Bevening-gears, Allan's straight link, 

230 

Gooch's, 231 

Pius Fink, 229 

Polonceau, 229 

Stephenson, 224, 228 

special, diagrams of; 408 

Walldeg|:, 229 

Richard's Indicator, 368 
Rider's valve-gear, 194 

cylinder for, 97—99 

ellipse, 187 

connection to governor, 

204,209 
Robey & Co., double cylinder vertical 

engine, 339 

compound undertype engine, 340 

horizontal girder engine, 341 

Ruston & Proctor horizontal engine, 

328—329 

self - contained, 324, 



3*25 



vertical, 326, 327 
surface condenser, 283 



NAMES of parts of engines, 12 
Newcomen's engine, 1 



PATTERNS of engines, cost, 313 
Penn's engine outline of, 5 6 

marine slide valve, 160 

Piston rods, 81—95 



SAFETY valves, lever, 430 
Ramsbottom, 431 

dead weight, 432 

Slide valves balanced, 162 

diagrams, 165 



173 



164 



dimensions of simple, 171 — 

double, 180, 181 
explanation of terms, 163,, 

Garrett, Smith & Co., 158 



IiyDBX. 
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Slide valyes, Lanz, 158 

Meyer's, 156 

ellipse, 186 

mushroom and double 

beat, 234 

- particulars of Meyer's, 182, 



183 



184, 185 



diagram of Meyer's, 



192 



168 



Penn, 160 

piston, 163, 222, 223 

kider's, 157—203 

elUpse, 187 

simple, 155 

elUpse, 186 

diagrams, 165 — 186 

Trick, 166 

double, diagrams of, 190 — 

Zeuner's diagrams, 166 — 



Steam consxmiption, calculations for, 

383 

expansion curve, 152 

graphic method of drawing, 

152 
Stuffing boxes and glands, 112—119 



TAIL rod guides, 114—115 
Theisen's cooling apparatus, 285 
Thomi)Son's indicator, 368 
Trevitick & Vivian's engine, 2 
Triple expansion engines, outlines, 10, 
11, 356 

- marine engines, diagrams, 



356 



leading dimenbions of, 357 
. indicator dia- 



grams, 359 



practice, 360 



particulars from actual 



volumes, 361 
Throttle valve, 132 | 

Turner's horizontal coupled com- 
pound engine, 338 ; 
tandem compound en- ' 



gine, 334, 335 



der, 332 



UNDEBTYPE engines, Turner's, 
330 



VALVE chests and corers, 119—124 
gears, American Corliss, 

257 

cam motion, 238, 239 

- Corliss, details of, 252 — 



270 



diagrams, 176—179 

showing defects, 188 

Stephenson's link- 



motion, 224—228 
Farcot, 221 



250 



- Frikart, 255 

- Gamerith's, with trip action, 

- Gooch's, 231 

- Harris, 253 
Harzer with mushroom 



valves, 241 

Meyer's, hand-gear, adjust- 



ing, 193—195 

with mushroom valves. 



233—235 



228 



Polonceau, 229 

ProeU, 248 

Recke, 244 

hand adjusting gear, 194 

reversing, 229 

Allan, 230 

Gooch, 231 

Pius Fink, 229 

Polonceau, 229 

Stephenson's, 224 — 



Waldegg, 229 
simple, 165 



proportions of cylinder ,yo 



Sulzer, 251 

with two slides, 174 

Wheelock, 255 

Widnmann mushroom with 

valves, 242, 243 

classification of, 154 

Corliss, 258—262 

diagrams, 165 

- dimensions of simple, 171 — 



double slide, 180, 181 
explanation of terms, 163, 



164 



portable single cylin- -,00 



compound, 331 



Lanz, 158 

Meyer's, 156, 174 

particulars of, 182 — 



diagram of, 184—185 
ellipse for, 186 



mushroom and double beat. 



240—251 



Rider's, 157—203 



Rider's, 198 
simple, 155 
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nn)Ex. 



Valre diagfuns, 165, 186, 190 

eUipae, 186 

Trick, 166 

double elide diagram of, 190- 



192 



Zeuner's diagram, 176 



throttle, 132 



WALD£00, reyening gear, 229 
Watt's engine, 2, 6 
Weights of engines, 302—311 
oonnecting-rod and cranks, 308 



Weights of crankshafts, fly-wheels 

and bearings, 304 

cylinders and ooyers, 306, 307 

eccentrics, 309 

foundation bolts, 311 

frames and crossheads, 302 

governor bracket, 310 

piston aud piston rods, 303 

yalyes and yalye rods, 30^ 

Wheels, fly-, 126—132 

for rope drive, 129, 130 

Willan's central yalye engine, 9, 348 
particulaFB of, 348, 

349 
Wolfengine, 4, 8 
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** Mr. Clark manifests what is an innate perception of what Is lilcely to be useful in a pocket 
book, and he is really unrivalled In the art of condensation. . . . Itis very difficult to hit upon 
any mechanical engineerinsr subject concerning which this work supplies no information, and the 
excellent index at the end adds to its utility. In one word, it is an exceedingly handy and efficient 
tool, possessed of which the engineer wiU be saved many a wearisome cuculation, or yet more 
wearisome hunt through various text-books and treatises, and, as such, we can heartily recom- 
mend it to our readers, who must not run away with the idea that ;Mr. Clark's Pocket-book is 
only Molesworth in another form. On the contrary, each contains what b not to be found in the 
other ; and Mr. Clark takes more room and deals at more length with many subjects than Moles- 
worth possibly could."— 77i< Engineer, Sept 16th, 189a. 

* Just the kind of work that practical men require to have near to them. "—J?>(^//jA Mechanis. 
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Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer. Author 
off '*The Practical Engineer's Handbook." Fourth Edition, careiully Re- 
vised and partlv Re-written. In One handsome Volume, medium 8vo, 
price 15s. strongly bound. 

1^ Th$ Author having compiled Rule$ and Data for his own use in a great 
pariety 0/ modem engituermf morht and having found his notes extremely useful, 
decided to publish them'-revised to d a t e-believtug that a practical worh, suited to 
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In the Fourth Edition the First Section has been re-written and improved fry the 
addition of numerous Illustrations and new matter relating to Stbam cmginbs and 
Gas Enqinbs. The Second Section has been enlarged and Illustrated^ and through- 
out the booh a great number of emendations and alteratUmt have been made, utith the 
object of rendering the booh more generally useful. 

*»* OPimOMS OP THB PRBSS. 

"TlMtatliortiMttcverycutiJect from the point of view of one who has coOected woifcdiop 
■Otot Ar application in workshop practice, rather than from the theoretical or literary aipect. The 
fohime contains a great deal of that kind of information which Is gained only bp practical ezperi- 
tDce, and is seldom written in hooktJ'—Btuitutr. 

**The Toltune is an exceedinjiriy asefofone. bilmfkii with engineers' notes^ memoraada, and 
nlei^ and well worthy of being on every mechanical engineer's bookshelf."— ifiecAaffftOi/ fyigrU. 

**A fiirmidable mass of Tacts and fignieai reader accesslt^ through an elaborate Index 
.... Such a volume will be found absohitely necessary as a book of reference la all sorts 
if 'works' connected with the metal trades. "->i^A»«f'/ Irvn TVatUs Circular. 

** Brtanful of useAil information, stated in a concise form, Mr. Hutton's books have met a press- 
ing want among engineers. The book must prove extremely useful to eveiy practical man 
possessing a copy."--/*rafMce/ Ettgitutir, 

New Manual for Bra^ical Engineers 

THE PRACTICAL ENGINEER'S HAND-BOOK. Comprising 
a Treatise on Modern Engines and Boilers : Marine, Locomotive and Sta- 
tionary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constitntmg a 
comprehensive Key to the Board of Trade and other Eiaminations for Certi- 
ficates of Competency in Modem Mechanical Engineering. Bv Walter S. 
Hutton, Civil and Mechanical Engineer, Author of "The Works' Manager's 
Handbook for Engineers," &c. With upwards of 370 Illustrations. Fourth 
Edition, Revised, with Additions. Medium 8vo, nearly 500 pp., price 185. 
Strongly bound. 

tsr This worh is designed as a companion to the Author's "Works* 
Mamaobr's Hand-book." It possesses many new and original features, and com- . 
tains, like its predecessor, a quantUy of matter not originally intended for publican 
tion. but collected by the author for his own use in the construction of a great varietj^ 
0/ MODERN Engineering Work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of 370 Woodcuts ; and comprises a quantity of tabulated matter of great 
value to all engaged in dc signing, constructing, or estimating for Eihqivb9,Boilek3, 
and other Engineering Work. 

*»♦ Opinions op thb Press, 

" We have kept it at hand for several weeks, referring to it as occasion arose, and we have not 
on a single occasion consulted its pages without finding the information of which we were in quest." 
jtfhcnaum. 

" A thoroughly good practical handbook, which no engineer can go through without leamlns 
something that will be of service to him. "^Marine Enginetr. 

" The author has collected together a surprlsfaig quantity of rules and practical d ata, and has 
shown much judgment in the selections he has made. . . . There Is no doubt that this book is 
one of the most useful of its kind published, and will be a very popular compendium."— ^Mfinerr. 

*' A mass of Information, set down in simple language, and in such a form that It can be easilv 
referred to at any time. The matter is uniformly good^and well chosen and is greatly eluddated 
by the illustrations. The book will find its way on to most mgineers' shelves, where it will rank as 
one of the most useful books of reference."— />rac/f<-a/ Engittur, 

-£«^^A°i5Si»fc ^°°^^°° ^^ *®*^ ^ **""^ "****• "®*^* ****^ ®' *° PfKtlcal engineers. 
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MR. HUTTON'8 PRACTICAL HANDBOOKS^^continued. i 

Pr€Mtic€U Treatise on Modem Steam^Boilers* 

STEAM-BOILER CONSTRUCTION. A Practical Handbook 
for Engineers, Boiler- Makers, and Steam Users. Containing a large Col- 
lection of Rules and Data relating to Recent Practice in the Design, Con- 
8truction,^and Workins of all Kinas of Stationary, Locomotive, anaMarine 
Steam-Boilers. By waltbr S. Hutton, Civil and Mechanical Engineer, 
Author of "The works' Manager's Handbook," " The Practical Engineer's 
Handbook," &c. With upwards of 300 Illustrations. Second Edition. 
Medium 8vo, i8s. cloth. IJustpubiished. 

•^ This Work is issued in continuation of the Series of Handbooks written 
by the Author^ »w ;—" The Works' MANAGERS^HANDB00K"a»^ "The Practi- 
cal Engineer's Handbook," tvAtcA are so highly appreciated by Engineers for 
the practical nature of their information ; and is consequently written in the sums 
style as those works. 

The Author believes that the concentration, in a convenient form for easy refer- 
ence^ of such a large amount of thoroughly practical information on SteanhBoilerst 
will be of considerable service to those for whom it is intendedt and he trusts the book 
may be deemed worthy of as favourable a reception as has been accorded to its 
predecessors. 

\* Opinions of the Press. 

"Evefy detail, both in boOer design and management, is clearly laid before the reader. The 
volume shows that boiler construction nas been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the Jtn de siicie Engineer and Works' 
Manager."— jlfaW»« Ettgineer. 

"There has long been room for a modem handbook on steam boflers ; there Is not that reom 
no^ because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occu' 
pied in the construction, design, selection, or use o{\xXLen."—Bn(rinter, 

" The book is of so important and comprehensive a character tnat it must find its way into 
the libraries of everyone mterested in boiler using or boiler manufacture if they wish to be 
tborouglily informed. We strongly recommend the book for the intrinsic value of its contents."— 
Machinery Market. 

" The value of this book can hardly be over-estimated. The author's rules, formulae, &c., are 
all very fresh, and it is impossible to turn to the work and not find what you want. No practical 
engineer should be without \t."— Colliery Guardian. 

Hntton's ** Modernised Tetnpleton.*^ 

THE PRACTICAL MECHANICS* WORKSHOP COM- 
PANION, Comprising a |reat variety of the most useful Rules and Formulas 
in Mechanical Science, with numerous Tables of Practical Data and Calcu- 
lated Results for Facilitating Mechanical Operations. By Williau Tbmplb- 
TON, Author of "The Engineer's Practical Assistant,'^ &c. &c. Sixteenth 
Edition, Revised, Modernised, and considerably Enlarged by Walter S. 
H-UTTON, C.E., Author of "The Works' Manager's Handbook," &c. Fcap. 
8vo, nearly 500 pp., with 8 Plates and upwards of 250 Illustrative Diagrams, 
65., strongly bound for workshop or pocket wear and tear. 

%* Opinions op the Press. 

*' In Its modernised form Hutton's ' Templeton ' should have a wide sale, fi>ff It contains much 
valuable information which the mechanic will often find of use. and not a few tables and notes which 
he might look for in vain in other works. This modernised edition will be appreciated by all who 
have learned to value the original editions of ' Templeton.' ' —English Mechanic. 

" It has met with great success in the engineering workshop, as we can testify ; and there ate 
a great many men w))o, in a great measure, owe their rise in life to this Uttle \>oo)ii."-~Suilding News. 

"This familiar tezt-booK— well known to all mechanics and engineers— is of essential service to 
the every'day requirements of engineers, millwrights, . and the various trades connected with 
engineenng and building. The new modernised Mition is worth its weight hi gold."— Buildintr 
News. (Second Notice.) 

*' This weU-known and largely- used book contains information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been introduced 
asUo constitute It practically a new book. It will be largely used in the office and worlcshop."— 
Mechanical World. 

Templeton^s Engineer's and Machinist's Assistant, 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT, A collection of UsefulTables, Rules and Data. 
By William Templeton. 7tb Edition, with Additions. i8mo, 25. 6d. cloth. 
" Occupies a foremost place among books of this kind. A more suitable present to an appren- 
tice to any of the mechanical trades could not possibly be made."— ^m^^^^i^ Nejfs. 

" A deservedly popular work. It should be in the ' drawer ' of every mechanic."— J'^s^'/irA 
Mechanic. 
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Bieam^ Engine. 

TEXT-BOOK ON THE STBAM ENGINE. With a Sup- 
plement oo Gas Engines, tnd Part II. om Hbat Emgimbs. By T. M. 
uooDsyB, IC.A^ Barnster-at-Law, Professor of Mechanics at the Normal 
School of Science and the Royal School of Mines; Author of "The Princi- 
ples of Mechanics," ** The Blements of Mechanism," &c. Eleventh BdttioB» 
Enlarged. With nnmeroos lUnstrations. Crown 8vo, 6s. dbth. 



"ftofawot Good*?* has giv«a ni a treatise on the iteam engmo which «0I bear coouiaclaoo 
wtfhaaythinr written Iqr tbaaay or MazwcO. end we cea award it no Uefaer pt^at/'^Smirautr, 

* Mr. Goodefe's trt-friHP^ k a work of wliich erery foaag eoghieer should posseas him»eif; ' 
'^Miming y«%»maL 

** Essentially practical ta its aim. The manner of exposition leavca nothing to be desired." — 



OS GAS-ENGINES. Being a Reprint, with some Additions, oi 
the Supplement to the Text-book <m tht Steam Bngitu, by T. M. Goodbvs. 
M.A. Crown 8vo, as. 6d, cloth. 

"Like all Mr. Goodeve't writings, the present is So exception In point of genend ffrrcilnnfci 
li b a vahiable little r6buBm.'^Mt3ia*t4atffyprU, 

Steam Engine I>esign* 

THE STEAM ENGINE ; A Practical Manual for Draughts- 
men, Designers, and Constructors. Translated from the German of Hbr- 
MAMN Hasdsk; Revisod and Adapted to Enelish Practice by H. H. P 
PowLBS, A.M.I.C.E., Translator of Kick's Treatise on " Floor Manufacture.' 
Upwards of z.ooo Diagrams. Crown 8vo, cloth. [In the press 

Steam Boilers* 

A TREATISE ON STEAM BOILERS: Thiir Strength, Cm^ 
Mtruction, and Economical Working. By Robbet Wilsom, C.B. FiSi fidition. 
i2mo,'i6s. doth. 



**Tho best treatise that lias ever been pnbHdied on steam boDers."— Jr«v*(Mr. 
"The witlK>r sliows himsdf peifcct master of liis subject, and we heartily reoo 
pbying steam power to possess oianiaalYaa of the worib"— i^Awuf 'r Iron TVwfr Ciraiimr. 

Boiler Chimneys. 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 
and Stability. With a Chapter on Lightnine Conductors. By Robbrt 
Wilson, A.f.C.E., Author of "A Treatise on Steam Boilers," &c Second 
Edition. Crown 8vo, 3/. 6d. cloth. 

"Full of useful Information, definite in statement, and thoroughly practical in tfaatBaeaL**— 
JTig Local Gmtntnunt ChronicU. 

** A ▼aluable contribution to the literature of scientific bialdmg."— r%r Builder, 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER S' ASSIST- 
A NT. With Examples of Practical Geometry and Templating, for the Use 
of Platers, Smiths and Riveters. By John Courtney, Edited by D. K. Cxj^rx, 
M.I.C.B. Third Edition, 480 pp., with Z40lllusts. Fcap. 8vo, 7s. tudf-boond. 

** A most useful work. ... No woricmaa or apprentice should be without this book.**— > 
ir0H TratU Circular. 

*' Boiler^nakers will readily recognise the Tahie of diis Tolume. . . . The tables eve deartf 
printed, and so arranged that thmr can be referred to with the greatest ftcilky, so that tt cannot b* 
ooubted that they wiU be generally appreciated and much used."— 4fiMintr j^fiummi 

Locom^otive Engine l>evelopnient, 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 
A Popular Treatise on the Gradual Improvements made in Railway Engines 
between the Years 1803 and 1803. By Clbment £. Strbtton, C.fi., Author 
of ** Safe Railway Working,'^ &c. Second Edition, Revised aiid much 
Enlarged. With 94 Illustrations. Crown 8vo, 35. 6d, cloth. {Just published. 

" Studeats of railway history and all who are interested in the evolution of the modern locomo- 
tive wUl find much to attract and entertain in this volume."— TAr Times. 

*' The volume cannot fail to be popular, because k contains, in a condensed and readabie 
fonn. a grreat deal of just the kind of information that multitudes of people v9SiX."—EtigiHeer. 

" The author of this work is well known to the railway worid as one who has long taken a 
treat interest in everything pertaining thereto. No one probably has a better knowledge of th« 
history and development of the locomotive. It is with much pleasure we welcome the volume 
before us . . . which, taken as a whole, is most interesting, and should be of value te all 
connected th the railway system of this country as a book of reference."— ^A'o^Mr*. 
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CIVIL BNOI MEJIUNQ, 8UR VBYIWG. eto. 

UH. HUMBEIfS VALUABLE £NBIN££RIHO BOOKS. 
Th€ Water Supply ef Citiea ana Tovma. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 




Coat and Wrought Iron Bridge Constructton. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDQB CONSTRUCTION, intlutiot In* 
Fanndalioiu. Id Tbies FatU— TlinriticBl, Practical, and Dejcriptiis. B* 
WlLLMU HOMBER, A.lil.Iait.CB., *nd M.IdjlM.B. Third B^lkrn, Ra> 
Tiaed and mnch improrsd, will] ti; Double Flaieg (to crt wbicb now OrM 
anmi in ihiaedliion), aitdnameTaaa Additloaa loihaTsit InTwoValt^ 



£6 i6i. M, half bound In m 






Strains, Calculation of, 

A HANDY BOOK FOR THE CALCULATION OP STRAINS 

IN GIRDERS ANDSIUtLARSTRUCTUREStANDTHEIRSTRENGTB, 
ConsisilDg of Falmula and ConeBponding Diaerania, wiili numeront detaOi 
for Praclical Application, &c, Bv Williim Huhbii. A-M,ln>t.C.£., fa, 
Piflh Edition. Crown Bto, nearlr los Woodcnli and i Plates, jt. td, ckMk. 



Barlov}'88trengthofMaterial9,€nlarged bj/Bumber. 

A TREATISE ON THE STRENGTH OP MATERIALS; 
wllh Rolca for Applicaiion in Aicbitactare, lbs CDosimcdon of Saspeoaida 
Brldees. Railwara. &c. Br Petix Bahlov, F.R.S, A N«w Edition, reriaad 
by biB Sopa. P. W. Biaiow, F.R.S,, and *, H. Barlow, P.R.S. ; to wbiOi 
an addad, Biperiment* b> Hodduhgok. FAtaBtiiH, and Kiualdt; and 
Pnimnlsfor Calcolsling Girders, &c. Arranged and Edited by Wu. HtiiiBaa, 
at.CE. Oemy Svo, too pp„ wlib tg liLtge Flatea and nameroia Wood- 
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StaticBp Graphic and Analytie. 

GRAPHIC AND ANALYTIC STATICSJn their Practical Appii-^ 
eaium to th* TretUmnit of Stresses tn Roofit Solid Girders, Lattice, Bowstring 
emd Suspension Bridges, Braced Iron A rches and Piers, and other Frameworks. 
Bt R. Hudsoii Graham, C.E. Containing Diagrams and Plates to Scale, 
with numeroua Examples, many taken from existing Structures. Specially 
arranged for Class-work in Colleges and Universities. Second Edition, Re- 
vised and Enlarged. 8vo, i6s. clotil. 
**Uw. Gnhaa'abook wffl tod aptaoewbnenrgnphieandaiialyticstatlcisfeiisedor ttiMUed.** 

''Tb* woffcli •soallent Aom a practical point of vlair, and has evidently been piepaied with 
andi cara. The directions for workinq^ are ample, and are fflustrated by an abundance of weD- 
wla ct a d eaamplet. It ia an excellent text-book for the pitctical dfangUsman."— ^iA«M*iMW. 

Fraetical Mathematics. 

MATHEMATICS FOR PRACTICAL MEN: Being a Common. 
place Book of Pure and Mixed Mathematics. Designed chiefly for the nse 
of Civil Engineers. Architects and Surveyors. By Ounthus Gregort, 
LL.D., F.R.A.S., finlarged by Hbmry Law. C.£. 4tb Edition, carefully 
Revised by J. R.Y0UN0, formerly Professor of Mathematicsi Belfast College. 
With 13 Plates. 8vo, £1 is. cloth. 

" The engineer or architect will here find ready to his hand rules forsohrinc^neariy every aaalhe- 
'* "'':ulty that may arise hi his practice. Th " " ~ 



matlcal difficiuty that may arise in liis practice. The rules are in aU cases explained by means of 
examples, in which every step of the process is dearly worked wtt."— Builder, 

" Ons of the most serviceable boolcs for practical mechanics. . . It is an instructive bocdc ftir 
tSie itttdent, and a text-book for bim who, having once mastered the subjects it treats oi, needs 
ec c Mlo n a Dy to refresh his memory iq>oa th«m."'->BuiUiti£ News, 

Mydratdic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS. and PORMULM 
for finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, emd 
Rivers. With New Formulas, Tables, and General Information on Rainfoll, 
Catchment-Basins, Drainage, Sewerage. Water Supply for Towns and MiH 
Power. B^ John Nbvillb, Civil Engmeer, M.R.I. A. Third Ed., carefully 
Revised, with considerable Additions. Numerous lUusts. Cr. 8vo, 145. cloth. 

" Alike valuaUe to students and engineers b practice ; its study wiU prevent the aimoyance of 
Kvoidable failures, and assist them to select the readiest means of successfully carrying out wxf 
gHco work connected with hydraulic engineering."— JlfiniM^ yournal. 

** It is, of all English books on the subject, m one nearest to completeness. . . . From tte 
good arrangement of the matter, the clear explanations, and abundance of formulae, the carefidlf 
cafcniated tables, and, above all, the thorough acquaintance with both theory and oonstructiaa* 
eMch is displayed from first to test, the book will be found to be an acquisition^''— ^rvMfHA 

Hydravlics. 

HYDRA ULIC MANUAL. Consistinff of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D'A^ackson, Author of "Aid to Survey Practice," 
**iModem Metrology,*' &c. Fourtb|Edition, Enlarged. Large cr. 8vo, x6s. d. 

" The author has had a wide experience in hydraulic engineering and has been a carefol ol>- 
server of the facts which have come under his notice, and from the great mass of material at his 
fftmn>ffti<i he has constructed a manual which may be accepted as a. trustworthy guide to tiiis 
branch of the engineer's profession. We can heartuy recommend this volume to all who desire to 
be acquainted wuh the latest development of this important subject."— fnjf^tMarrf^. 

•'The standard-work in this department of mitcYaa&cs." Scotsman. 

"The most useful feature of this work is its freedom from what Is saperannnated. and Its 
thetongh i doptlon of recent experiments ; the text is, in &ct, in great part a short account ai the 
gvai t moc em experiments."— Ais/wrr. 

Drainage. 

ON THE DRAINAGE OF LANDS, TOWNS, AND BUILD- 
INGS. By G. D. Dbmpsbt, C.E., Author of " The Practical Railway En- 
gineer," &c. Revised, with large Additions on Recbnt Practxcb im 
Draimagb Engimbbrino, by D. kinmbar Clark, M.Inst.C.E. Author of 
*' Tramways: Their Construction and Working," "A Mamual of RuleSi 
Tables, and Data for Mechanical Engineers," &c. Second Edition, Cor- 
rected. Fcap. 8vo, 5$. cloth. 
*' The new matter added to Mr. Dempsey's excellent work is characterised by tte comprdieB< 

sive grasp and accuracy of detail for which the name of Mr. O. K. Clark is a sumdent voucher."— 

Athenttufn. 

" As a work on recent practice in drainage engineering, the book is to be commended to aD 

who are making that branch of engineering science their special study."— /fvn. 

" A comprehensive manual on drainage engineering, and a useful introduction to the studeat.** 

— Bnitdiftj!^ News, 
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Water Storage, Conveyance, and Utilisation* 

WATER ENGINEERING : A Practical Treatise on the Measure- 
ment, Storage, Conveyance, andUtilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. Bt Charlss Slago, Water and 
Drainage Engineer, A.M.Inst.C.E., Author of " Sanitary Work in the Smaller 
Towns, and in Villages,*' &c. With numerous lUusts. Cr. 8vo, yt, 6d, cloth. 

" As a small practical treatise on tht water supply of towns, and on soim applications of 
water«pwer, the work is in many respects excellent.' —£>v^M«frt*M^. 

" The author has collated the results deduced from the experiments of the most eminent 
authorities, and has presented them in a compact and practical form, accompanied by very dear 
and detailed explanations. . . . The apphcation of water as a motive powar is treated very 
carefully and exhaustively."— i^MiMrr. 

"For anyone who desires to begin the study of hjrdraulics with a consideration of the practical 
applications of the sdence there is no better guide*"— ^fvAAM'. 
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to the Dublin Port and Docks Board. Royal 8vo, 75. 6d, cloth. 

** We recommend all interested In harbour works— and, indeed, those concerned in the im- 

Bents of rivecB genenilly'-4o read Mr. Mann's interesting work on the treatment of river 

Trusses. 

TRUSSES OF WOOD AND IRON. Practical ApflicaHom of 
Science in Determining the Stresses, Breaking Weights, Safe Loads^canUings, 
and Details of Construction, with Complete Working Drawings. By Willum 
Gripfitrs, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 4s. 6^- cloth. 

** This handy little book enters so minutdy Into every detail connected with the construction of 
roof trusses, that no student need be ignorant of these matters. "—Proc^ica/ Engineer, 

MaUway Working. 

SAFE RAILWAY WORKING. A Treatise on Railway Acci- 
dents: Their Cause and Prevention; with a Description of Modem Appliancei 
and Systems. By Clbmbnt E. Strbtton, C.E., Vice-President and Con- 
suiting Bnsineer, Amalgamated Societv ot Railway Servants. With Illus- 
trations ana Coloured Plates. Third Edition, Enlarged. Crown Svo, 3s. 6d, 
cloth. 

** A bo6k for die engineer, the directors, the managers ; and. In short, all who wish for Informa- 
tion on railway natten wiU find a perfect encyclopaedia ia * Safe Railway Working.' "^lUMwtv 

*• We commend the remarks on raOway signalling to all rdlway managers, especially where a 
oniform code and practice is advocated."— -/ftrrc^a/A'x Railwt^ youmal. 

" The anthor may be congratulated on having collected, in a very convenient fbrm, much 
valuable information on the principal questions anecting the safe working of railways."— JSatf. 
way Engineer, 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES, With xs large Plates. By the late Gborob Watson Buce, 
M.I.C.B. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.B. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.CB. Royal 8vo, las. 
cloth. 

** The standard text-book for an engineers regarding skew arches Is Mr. Buck's treatise, and it 
would be impossible to consult a betterr*— £>tf^lN«rr. 

"Mr. Back's treatise is recognised as a standard text-book, and his treatment has divested tie 
subject of many of the intricacies snppcMed to belong to it. As a guide to the engineer and archi- 
tect, on a conmaedly difficult subject, Mr. Buck's work is unsurpassed."— ^MtfAnsrAksi'i. 

l^imnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS: A 
Practical and Theoretical Essay. By T. H. Watson Buck, M.InstC.B., 
Resident Engineer, London and North-western Railway. Illustrated with 
Folding Plates. Royal Svo, 12s. cloth 

** Many of the methods given are of extreme practical value to the mason ; and the observations 
on the form of arch, the rules for ordering the stone, and the construction of the templates will be 
fMmd of considerable use. We commend the book to the engineering pro(oision"-^SuiU^ Hewe, 

"Win be regarded by civil engineers as of the utmost valueb and calculated to save much time 
and obviate many mistakes. "—Cg^Wtry Guardian, 
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StudenVs TexUBooh on Surveying. 

PRACTICAL SURVEYING: A Text-Book for Students pre- 
^ paring for Examination or for Snrrey-work in the Colonies. By Gborgx 
w. UsiLL, A. M.IX-B., Author of *'Tbe Statistics of the Water Supply of 
Great Britain." With Pour Lithographic Plates and upwards off 330 Uiastra- 
tfams. Second Edition, Revised. Crown Svo, 75. 6d. cloth. 
"The best forms of instmineDts are described as to their constractfen, ases and modes of 

•nploymentt and there are innnmerable hints on work and equipment such as the author, in Us 

•xpotience as sonreror. draugfatnun. and teacher, has found necessary, and which tte student 

h his faesperie n ce win end most 9tr9ic9a.'blm.''Snrineer. 

* The latest treatise in the English language on surreying. and we have no hedtatlon in saip- 

taig tliat the student will find It a bMter guide tlum any of its predecessors 

Daseries to be recognised as the first boolc which should be put in the nands of a papH of Civil 

Eaglaeefing, and evctry gentleman of education who sets oat fiar the Colonies would find it well to 

havea copf. —jtrckifta. 

Hurvey FracUee. 

AID TO SURVEY PRACTICE, for Rtfnena in Surv^ng, LevO- 
Ungt and SeHing^oui ; and in Route Surveys ojTravtlUn hy Land and Ses, 
With Tables. Illustration s, and Records. By Lewis D'A. Jacksoh, 
A.M.I.C.B., Author of " Hydraulic Manual," ''^Modern Metrology," Ac. 
Second Edition, Enlarged. Large crown 8vO| 12s. (id. cloth. 
**Mt. Jackson has produced a vabiable vade-mtcMm for the SBfrejrof. We can necommend 
this book tt containing an admirable supplement to the teaching of the acoonpUshed surreyor."— 



** As a toxt<book we should advise aB surveyors to place It In their librarlesi and study weD the 
tnred instructions afforded in ita pages."— Co/Zilrry Guardian. 
** The author brings to his woi^ a fortunate union of theory and practical emerience which. 



matured instructions afforded in ita pages."— Co/Zilrry Guardian. 
** The author brings to his woi^ a fortunate union of theory 
aidsd by a clear and ludd style of writing, renders the book a very useftd om^"— JMMrr. 

Surveying, Land and Marine. 

LAND AND MARINE SURVEYING, inRefereacetothePre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns' Water 
Supplies; Docks and Harbours. With I>escription and Use of Surveying 
^Instruments. By W. D. Hasroll, C.E., Author of " Bridge and "SHadnct Con- 
struction,*' &c. Second Edition, Revised, with Additions. Large cr.Svo, 9s. cl. 



' This book must prove of great value to the student. We have no hesitation in r«commend< 

irium 
u arramgc 
It'aan carefhttywiitten and valuable tezt-book. It enjoys a weD-deserved repute among surveyors. 



Ing It, feeling assured that it wiu more than repay a carefiil ttady."—MecMaHicmi IVerU, 

" A most useful and well arranged book for Uie aid of a student. We can strongly recommend 



" Thb vohime cannot fall to prove of the utmost practical utility. It nuiy be safi^y recommended 
to an students who aspire to become dean and expert somyon."— Mining y«ur$iaL 

Wield'Booh far Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON^ 
TRA CTOR *S FIELD-BOOK. Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off« 
sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. By W. Davis Haskoll, C.E. With numerous Woodcuts. Fourth 
Eoition, Enlarged. Crown 8vo, xss. cloth. 

*'The book is very nandy ; the separate tables of sines and tangents to every minute will main 

t nseful for many other purposes, the genuine ua yer s e tables exisnng aB the same."— w4A«>r«M««t. 

" Every person engaged In engineering field operations will estimate die importance of such a 

work and me amount of valuable tune which wiObe saved by reference to a set of reliable taMet 

pffep«red with the accuracy and fulness of those given in this Ycivau»,"—JUMwegf Ntms, 

Levelling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 

LEVELLING, Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads: with Mr. Tblpobd's Rules for tho 
same. ByFRRDBRicxW.SiMMs,F.G.S., M.Inst.C.B. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwimb's Field Practice of Laymg-out Chrcular Curves. With 7 Plates 
and numerous ,Woodcuts. 8vo, 8s. &f. cloth. \* Trautwinb on Curves 
may be had separate, 5s. 

-I5* ^•'?;!^*' ??* levelling In most of oar engineering schools and coDens."— £*tftr «rr. 
"The puUidiws have rradered a substantial service to The profession, especially to the yc 
members, by bringing out the piMent editkm of Mr. Simms's useful work."— ifii^AMCr^. 



CIVIL ENGINEERING, SURVEYING, etc. 9 

Trigonometrical 8u/rveying» 

AN OUTLINE OF THE METHOD OP CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the FormaHon of Geographical and 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c., with 
Useful Problems, Formulas, and Tables. By Lieut-General Fromb, R.E. 
Fourth Edition, Revised and partly Re-written by Major General Sir Charles 
Warren, G.C.M.G.t R.B. With 19 Plates and 1x5 Woodcuts. Royal 8vo, z6s. 
cloth. 

*' The simple fkct that a fonrfh edMon has been called for Is the best testfanony to Its merlta. 
No words of praise from us can streourthen the position so well and so steadily maintained by this 
worit. Sir Charles Warren has revised the entire woric, and made such additions as were necessary 
to bring every portion of the contents up to the present date."— ^rMuf Anvwh 

Field Forftflcation. 

A TREA TISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool- 
wich. Sixth Edition. Crown 8vo, with separate Atlas of za Plates, 12s. cloth. 

Tunn^ing. 

PR A CTICA L TUNNELLING. Explaining in detail the Setting. 

out of the works, Shaft-sinkingand Heading-driving, Ranging the Lines and 
Levelling underground, Sub>Ezcavating, Timbering, and tbe Construction 
of the Bnckwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simus, P.G.S., 
M.InstC.B. Third Edition, Revised and Extended by D. Kinnxar Clark. 
M.Inst. C.E. Imperial 8vo, with az Folding Plates and numerous Wooa 
Engravings, 30s. cloth. 

" The estimation In which Mr. Stauoa'* book on tunnelling has been held for erer thirty yeeia 
cannot be moretruly expressed than in the words of the late Prof. Raniclne >-* The best source of in« 
formation on the suD)ect of tunnels is Mr.F. W. Simms's work on Practical TunneOinff.' "-'ArOtiUct, 

" It has been regarded from the first as a text-book of the subject. . . . Mr. Curk has added 
fanmensely to the Tahie of the book."— f »v^M««r. 

Tramways and their Working* 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System: with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Steam, 
Compressed Air, Electric Traction, &c. ; a Description of the Varieties of Roll- 
ing Stock ; and ample Details of Cost and Working Expenses. New Edition, 
Thoroughly Revised, and Including the Progress recently made in Tramway 
Construction, &c. &c. By D. Kinnear Clark, M.Inst.C.B. With numerous 
Illustrations. In One Volume, 8vo. lln preparation. 

" All interested in tramways must refer to it, as all railway engfaeeft haTe turned to the author's 
work ' Railway Machinery.' "—En£ineer. 

" An exhaustive and practical work on tramways, In which the history of this kind of focomoi 
tlon, and a description and cost of the various modes of laying tramways, are to be found."^ 
Building' News. 

" The best form of rails, the best mode of construction, and tbm best mechanical appliances 
•re so fairly indicated in the work under review, that any engineer about to construct a tramway 
will be enabled at once to obtain the practical information which will be of most senrloe to him."^ 
AthenaMfHt 

Curves^ Tables for 8etting-ouU 

TABLES OP TANGENTIAL ANGLES AND MULTIPLES 
for Setting^inU Curves from 5 to 300 Radius, By Albzamobr BsaxblxTi 
M.InstC.B. Fourth sdition. Printed on 48 Cards, .and sold in a cloth box, 
waistcoat-pocket size, 3s. M. 

" Each table is printed on a small card, which, bebig placed on the theodolite, leaves the hands 
free to manipulate tne instrument— no small advantage as regards the rapidity (rf work."— ^m^^mmt. 

" Very handy ; a man may know that all his day's work must fUl on two of these cards, which 
he outs into his own card-caseb and leaves the rest \»titibaA,"—Atkemmm, 

Earthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbbnt, C.E., and Francis Campim, C.B. 
Crown 8vo, 5s. cloth. 

" The way in which accuracy is attabied, by a simple division of each cross section into three 
elements, two in which are constant and one variable, Is ingenious."— ^t^k«»«wm. 
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SARINS BNOINEERINOi etc. 
Pocket'Book far Marine JSnffineers* 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULA FOR MARINS ENGINEERS. By Frank Proctor, A.I.N.A. 
Third Bdition. Royal samo, leather, gilt edges, with strap, 4s. 

**We racoauMnd It to our roAden as yoing fiir to supply a loiw-felt waat.**— TVSsvs/SdSciKs. 
** A aMMt ttsaful fqiwr<ntiH» to all oiaiiiM mgbt»ait.''—UiUiul Service GoMOtt, 

IfUroduetian to Marine Enginee^'ing* 

ELEMENTARY ENGINEERING : A Manual for Young Marins 
Engiueen and Apprtniices. In the Form of Uuestions and Answers on 
Metals, Alloys, Strength of Materials, Construction and Management ot 
Marine Engines and Boilers, Geometry, &c. Ac. With an Appendix of Useful 
Tables. By John Shbrrbm Brbwrr, GoTemmsnt Marine Sarveyor, Hong- 
kong. Second Edition, Revised. Small crown 8vo, 9s. cloth. 
** Contaliis much Tataiabla lafonnatlon for the daas for whom It is Intended, espedalfy ia the 

chuters on the maaagement of boilers aad engines. "—Nautical Magatine. 
^A useful introduction to the more elaborate tezt>books. "~509/!r maw. 
" To a student who has the requisite desire aad resolve to attain a thorough knowledge. Mr. 

Brewer oArs deddedly oseful U/L^''—Atk€nmHnu 

Navigation. 

PRACTICAL NAVIGATION. Consisting of The Sailor's 
Sba-Book, by Jambs Gibbmwood and W. H. Rossbr.* together with the 
requisite Mathematical and Nautical Tables for the Workmg of the Problems, 
by Hbmrt Law, C.B.. and Professor J. R. Youmo. lUostrated. zsmo, ys. 
strongly half-bound- 

Thi^awing for Mwrine Engineers, 

LOCKIE'S MARINE ENGINEER'S DRAWING -BOOK. 
Adapted to the Requirements of the Board of Trade Examinations. By 
JoHM LocKiB, C.E. With as Plates, Drawn to Scale. Royal 8vo, 3s. 6d, 

cloth. Ljf^^ published, 

" The student who learns from these drawings will have notUng to unleam.''--i?»tfi£Mfr. 
*' The examples chosen are essentially practical, and are such as should prove of service to 
engineeis generally, while admirably fulfilling their specific purpos^"-~Jfedltanicctl fVorld. 

Sailmaking. 

THE ART AND SCIENCE OF SAILMAKING, By Samuel 
B. Sadler, Practical Sallmaker, late in the employment of Messrs. Ratsey 
and Lapthorne, of Cowes and Gosport. With Plates and other Illustrations. 
Small 4to, xsi. 6<i. cloth. {Jmt published. 

Summary op Contents. 
Chap. I. The Materials used and — VL On Allowances.— VII. Calcu- 
their Relation to Sails.— II. On lation op Gores.— VIII. On Cutting 
THE Centre op Epport.— III. On Out.— IX. On Roping.— X. On Dia- 
Measuring.— IV. On Drawing.— V. oonal-Cut Sails.— XI. Concluding 
Om the Number op Cloths required. Remarks. 

*' This work is very ably written, and b illustrated by diagrams and carefully-worked calcula« 
tions. The work should be In the hands of every sallmaker, whether employer or employed, as It 
cannot fail to assist them in the pursuit of their important avocations."— T^i^r ^^)(rA/ Herald. 

" This extremely practical work gives a complete education in all the branches of the menu- 
facture. cutting out, roping, seaming, and goring. It is copiously illustrated, and will form a first- 
late text-book and t[wae."'-Ports*Metah Times. 

Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves of Links, Studs, ftc., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Welding Links, Strength of Cables and Chains, 



Certificates for Cables, Marking Cables, Prices of Chain Cables and Chadns, 
Historical Notes, Acts of Parhament, Statutory Tests, Charges for Testing, 
List of Manufacturers of Cables, &c. &c. Bv Thomas W. Traill, F.B.R.NI, 



M. Inst. C.E., Engineer Surveyor in Chief, Beard of Trade, Inspector off 
Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establislunents. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £a as* doth, 
bevelled boards. • 

"It conuins a vast amount of valuable information. Notiilng seems to Im wanting to make It 
a complete and standard work of reference on the subject."— iVisM/^^a/ MafOMine, 



MINING AND METALLURGY. li 



MINING AND METAL LURGY, 

Metalliferous Mining in the United Kingdom. 

BRITISH MINING : A Treatise on the History, Discovery, PractkaX 
Development, and Future Prospects of Metalliferous Mines in the United King' 
dom. Bv Robert Hunt, F.R.S., Keeper of Mining Records; Editor of 
" Ure*a Dictionary of Arts, Manufactures, and Mines,'' &c. Upwards of 950 
pp., with 230 lllastrations. Second Edition, Revised. Super-royai 8vo, 
£2 2S. cloth. 

**One of the most Taluable works of reference of modem times. Mr. Hunt, as keeper of mbdng 
lecords of the United Kin^rdom, has had opportunities for such a task not enjoyed by anyone els^ 
•ad has eindently made the most of them. . . . The language and style adopted are ^ood. ana 
tiie treatment of the various subjects laborious, conscientious, and scieata&c."—£H£ifuertnjF. 

"The book is, in fact, a treasure-house of statistical information on mining; subjects, and we 
know of no other work embodying so great a mjiss of matter of this kind. Were this the only 
merit ef Mr. Hunt s volume, it would be sufficient to render it indispensable in the library off 
everyone interested in ^e development of the mining and metallurgical industries of this country.** 
—jIthefueufH. 

" A mass of information not elsewhere available, and of the greatest value to those who may 
be interested in our great mineral industries."— ff^fi&Mcr. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davibs, F.G.S., Mining Engineer, &c., Author of "A 
Treatise on Slate and Slate Quarrying." Fifth Edition, thoroughly Revised 
and much Enlarged, by his Son, E. Hbnry Davibs, M.E., F.G.S. with about 
150 Illustrations. Crown 8vo, x«. 6d. cloth. [Just published, 

"Neither the practical miner nor the general reader interested in mines canhave a oetter txxik 

for his companion and his guide."— J/ttemir youmal, {Mininfr fyarU, 

"We are doing our readers a service in calling their attention to this valuable work."— 
" A book that will dot only be useful to the geologist, the practical miner, and the metalluigist 

but also very interesting to the general public."— /r<7». 

" As a history of the present state of mining throughout the world this l>ook has a real value* 

and it supplies an actual waJxt."''Athenau*H. 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY <Sr* OTHER MINERALS AND 
MINING. By D. C. Davibs, F.G.S. , Author of '* Metalliferous Minerals," 
&c. Third Edition. Revised and Enlarged, by his Son, £. Henry Davibs, 
M.E., F.G.S. With about xoo Illusts. Cr. 8vo, 12s. 64. cl. IJust published, 
"We do not remember to have met with any English work on mining matters tiiat contaitais 

the same amount of information packed in equally convenient form."— ^os^my. 

** We should be inclined to rank it as among the very best of the handy technical and trades 

manuals which have recently appeared."— frt/txA Quarteriy Review. 

Mining Machinery. 

MACHINERY FOR METALLIFEROUS MINES, including 
Motive Power, Haulage, Transport,{and Electricity «as applied to Mining. 
By E. Henry Davies, M.B., F.G.S., &c. &c. [/» preparation* 

Underground Bumping Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with a Descrip* 
tion of a large number otthe best known Eneines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stbphbm 
MiCHBLL. 8vo, X5S. cloth. 
**WU1 be highly esteemed by colliery owners and lessees, mining engineers, and students 

generally who require to be acquainted with the best means of securing the drainage of mines. It 

IS a most valuable work, and stands almost alone in the literature of steam pumping machinery."— 

CoUitry Guttydiatt. 

" Much valuable Information Is given, so that the book Is thoroughly worthy of an extenstre 

circulation amongst practical men and purchasers of machinery."— lf«>(<>^ ^ourfuU. 

Mining Tools. 

A MANUAL OP MINING TOOLS. For the Use of Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. i2mo, a£. 6d. cloth limp. 

ATLAS OF ENGRAVINGS to Illustrate the abo^e, contain. 

ing 835 Illustrations of Mining Tools, drawn to scale. 4to, 45. td. cloth. 

"Students in the science of mining, and overmen, captains, managers, ard viewers may gain 
practical knowledge and useful hints by the study of Mr. Morgans' manuaL"— Colliery Guard -an. 

"A valuable work, wUch will tend materially to improve our mining literature."— J/mnv 
ytumal. 
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Prospecting for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 

' tpcctor and Traveller in Search of Metal-Bearing or other Valuable MineralB. 

By J. W. Ahdbrson. M.A. (Camb.), F.R.G.S., Author of "Fiji and New 

Caledonia." Fifth EditioUf thorooghly Revised and Enlarged. Small 

crown 9vo. 3S. 6d, cloth. 

ff — 

"•^J ^ 

leadiiiff pofaits to which attention is directed. The author has managed to pack as much ptacticml 
detail mto his pages as would supply ma terial for a book three times its siattt"— JfcMwv' yaurHol, 

Mining Notes and Formulas* 

NOTES AND FORMULM FOR MINING STUDENTS. By 

IORH Herman Mbrivalb. M.A., Certificated Colliery Manager, Professor of 
fining in the Durham College of Science, Newcastle-npon-Tyne. Third 
Edition, Revised and Enlarged. Small crown 8vo, 25. 64. cloth. 
" Invaluable to anyone who is working up for an examination on mining subjects."'- Avw imd 
C*»i Tradej Rrvitm. 

" The author has done his wotk fai an exceedingly creditable manner, and has produced a book 
tiiat wlU be of service to students, and those who are practically engaged in minog operations^'"-' 

" A rast amount of technical matter of the utmost vahie to mining engineen, and of mmlilot 
able interest to ttudcnt%."Sckro/master. 

Miners' and Metallurgists' Poeket'Book. 

A POCKET-BOOK FOR MINERS AND METALLURGISTS, 
Comprising Rules, Formulas, Tables, and Notes, for Use in FieM and Office 
Work. By F. Dan vers Power, F.G.S., M.E. Fcap. 8vo, os. leather, gilt 
edges. jjwt puUithed, 

*' The book s eems to contain an immense amount of useful infoimation in a small space, and no 
doubt will prove to be a valuable and handy book for mining engineers. "—C.LE NEVE FOSTER,Es<|. 

" Miners and metallurgists will find m this work a usenil vade-fne^utn containing a mass of 
rules, fonnalae, tables, ana various other infonnation, the necessity for reference to which occurs in 
their daily duties."— /ww. 

" A marvellous compendium which every miner who desires to do work rapidly and well should 
hasten to hay."— Redruth Times. 

"Mr. Power has succeeded in producing a pocket-book which certainly deserves to become 
the engineer's vade-mecufn." — Mechanical World. 

Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE, comprising a Treatise on Improved Mining Surveying and the Valuta 

LiNTSRM, 

' Magnetic 
„ , „, Needle Dis- 

turbances. With Four Plates of Diagrams, Plans, &c. xsmo, 4s. cloth. 
" Mr. Lintem's book forms a valuable and moroughly trustworthy guide."— /rvfs a$$d Ctml 
Tirades RerHew. 

" This new edition must be of the highest value to c<^ery surveyors, proprletofs, and maiui> 
gers."— C0//i^ry Guardian. 

Asbestos and its Uses. 

ASBESTOS : Its Properties ^ Occurrence^ and Uses. With some 
Account of the Mines of Italy and Canada. By Robert H. Jombs. With 
Eight Collotype Plates and other Illustrations. Crown 8vo, 12s. 6ii..cloth, 
" An interesting and invaluable yrotk.."— Colliery Guardian, 
" A valuable addition to the architect's and engineer's library."— ^m^/A'^ Newt, 

Eoiyotosives 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 

Practical Treatise on the Manufacture and Application of Dynamite, Gun- 
Cotton, Nitro>Glycerine, and other Explosive Compounds. Inclnding the 
Manufacture of Collodion-Cotton. By M. Etsslbr, Minhig Endneer and 
Metallurgical Chemist, Author of " The Metallurgy of Gold," " The Metal- 
lurgy of Silver," &c. With about 100 lUnsts. Crown 8vo, xos. M. cloth. 

"Useful not only to the miner, but also to oflScers of both services to whom M?itt^g and th« 
of explosives generally may at any time become a necessary auxiliary. " — Nature, 
" A veritable mine of mforaiadon on the subject of explosives employed for militaiy, mining, 
and blasting purposes. "—^ rmy and Navy Gaieette. 

" The book is dearly written. Taken as a whole, we consider !t an excellent little book and 
one that should be found of great service to miners and others who are engaged in wtMrk leookioc^ 
the use of explosives. "—yf/A«mrHOT. ^ 




ELECfRlCrtY, ELECTRICAL ENGINEERING, etc. '3 

ELECTRICITY, ELECTRICAL ENGINEERING, ete. 

SSiectrictU Engineering, 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OP 
MODERN RULES, FORMULAE, TABLES, AND DATA, By H. R. 

J KsMPB, M.Inst.E.E., A.M.Inst.C.E., Tecbnical Officer, Postal Telegraphs, 
Author of "A Handbook of Electrical Testing/' &c. Second fiiditioo. 
thoroughly Revised, with Additions. With numerous Illustrations. Royal 
same, oblong, ss. leather. LJ^^* published. 

** Tbeie is very Tittle in the shape of formuUe or data which the dectrldan is likely to wank 
In a huiry which cannot be found in its paig9S."-'Practical Engineer. 

-A retj useful book of reference for daily use in practical electrical engineering and its 
Tttious applications to the industries of the present day."— frcn. 

" It is the best book of its kind,"— EiectriraJ Enrin^r. 

"Well arranged and compact. The * Electrical Engineer's Pockef3ook ' is a good one."— 

** Strongly recommended to those engaged in the various electrical industries."— fte/rwai 
RevUw, 

JEHectric Lighting* 

ELECTRIC LIGHT FITTING : A Handbook for Woi'king 
Electrical Engineers, embodying Practical Notes on Installation Manage- 
ment. By John W. Urquhart, Electrician, Author of " Electric Light," &c. 
With numerous Illustrations. Crown 8vo, 5s. cloth. 

"This Tolume deals with what may be termed the mechanics of electric lighting, and is 
addressed to men who are already engaged in the work or are training for it. The work traverses 
a gieet deal of ground, and may Se read as a sequel to the same author's useAil work on ' Electric 
Light' "—ElKtrician. 

" This is an attempt to state In the simplest language the precautions which should be adopted 
in installing the electric light, and to give information, Tor the guidance of those who have to run 
the plant when installed. The book is well worth the perusal of the workmen for whom it is 
^rrittcxi."— Electrical Review. 

** We have read this book with a good deal of pleasure. We believe that the book will be ot 
use to practical workmen, who will not be alarmed by finding mathematical formulae which they 
am unable to understand."— f^Mrtoi/ Plant. 

** Eminently practical and useful. . . . Ought to be in the hands of everyone in charge of 
an dectric light igliaiaL"— Electrical Engineer. 

" Altogether Mr. Urquhart has succeeded in producing a really capital book, which we have 
no hesitation in recommending to the notice of working elcctxicians and electrical engineers.' <— 
Mecfuutieal World. 

lUeetrie Lights 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 
Directions for the Treatment of Dynamo-Electric Machines, Batteries, 
Accumulators, and Electric Lamps. By J. W. Urquhart, C.E., Author of 
••Electric Light Fitt!ns,»' "Electroplating," &c. Fifth Edition, carefully 
Revised, with Large Additions and 145 Illustrations. Crown 8vo, 7s. 6J. cloth. 

[j^ust pubUshid. 
'* The whole ground of electric lighting is more or less covered and explained in a very clear 

and concise manner." — Electrical Review. 

"Contains a good deal of very interesting information, especially in the parts where the 

anther gives dimen^ons and working costs." — Electrical Engineer. 

** A miniature vade-mecum of the salient facts connected with the science of electric Ught. 

ing." — Electrician . 

" You cannot for your purpose have a better book than ' Electric Light,' by Urquhart."— 

Engineer. 

" The book is by far the best that we have yet met with on the subject."— ^/A«M<rMm. 

Construction of Dynamos* 

DYNAMO CONSTRUCTION : A Practical Handbook for the Use 
of Engineer Constructors and Electricians-in-Charge. Embracing Frame- 
work Building, Field Magnet and Armature Winding and Grouping, Com- 
pounding, &c. With Examples of leading English, American, and Conti- 
nental Dynamos and Motors. By J. W. Urquhart, Author of "Electric 
.Light,'* •• Electric Light Fitting," &c. With upwards of 100 Illustrations. 
' Crown 8vo, 7s. 6d. cloth. t}ust published. 

** Mr. Urquhart's book is the first one which deals with these matters bi such a way that the 

engmeering student can understand them. The book is very readable, and the author leads his 

readers up to difficult subiects by reasonably simple tests."— cngineerifig Review. 

" The author deals with his subject in a style so popular as to make nis volume a handbook of 

great practical value to engineer contractors and electricians in charge of lighting installations."— 

Scotftnan^ 

** ' Dynamo Construction ' more than sustains the high character of the author's previous 

publications. It is sure to be widely read by the large and rapidly.increasing number of practical 

electricians."— (P/oj'^^w Herald. 

** A book for which a demand has long cidstcd."—AfecAanical World. 



14 CROSBY LOCKWOOD <Sr* SOIPS CATALOGUE. 
INDUSTRIAL ARTS, TRADES AND MANUFACTURES. 

THE ART OF SOAP^MAKJNG: A PraeHcal Handbook of th» 
Manufactun of Hard and Sofi Soaps, ToiUt Soapt. etc, Incloding many New 
ProcMies, and a Chapter on the Recovery of GiTcerine from waste Lm. 
3y Albzamobk Watt, Author ot *' Blectro>MetalmreT Practically Treateo," 
ftc With nmnerons Illustrations. Fourth Edition, Revised ana Enlarged. 
Crown 8vo, 7S« 6i. cloth. 
**T1m «oik wfll prove ynxy oMftd. aoC awfdSf to tlie tadmoloeical student; bot to tiie r*^ittitf 

SOap-boOwwhowiifaef tonadafstandtliotlieorrof litoait."--C*Mt^bi/iV'fvx. •>> 

" Realhr aa excellent example of a terhniral manual, enterinsTi as it does, tfaoroughly add ex> 

hiDSthrelytDoth into the theonr and piactke of soap manufacture. The book is well and bonesdy 

done, waa deserves the coarioerable drcnlatlon with which it win doubtless meet."— Ar«^wfiM<pv. 
"Mr. Watt'sbookisathoroachljrpnctical treatise oa as art which has ahnost no Htew tni e in 

evkaffnacei WecoogratulatstMaiitiioroatliecncoMi of Us eodeaTOurtofiDaTQidfaiEiwlish 

ledUrfcanitwiuiir«."--AS*«Kr». 

Bapet Making. 

THE ART OF PAPER MAKING : A Practical Handbook ofths 
Manufacture of Paper from Ragi^ Esparto, Straw, and other Fibrous Materials. 
IncIadinE the Mannfactnre of Pnlp from Wood Fibre, with a Description ot 
the Madblnery and Appliances nsed. To which are added Details of 
Processes for Recovering Soda from Waste Liquors. By Albzanoer Watt, 
Anther of " The Art of Soap-Making," " The Art of Leather Manufacture,'* 
ftc. With Illustrations. Crown 8vo, 7s. &I. cloth. 

** This book is succinct, ludd, tlioronghly practical, and includes ererything of interest to the 
rnoden paper^naker. The book, besides being all the student of Daper>making will require in his 
apprenticeship, will be found of interest to the paper-maker himseli. It Is the latest, most practical, 
and most complete work on the paper-making art oefore the British pnbtic"— Ac/er Record, 

** It may oe regarded as the standard work on the suhJect. The book Is full of v^iaU* la- 
formation. The ' Art of Faper.making,' is in every respect a model of a text-book, either fbr a 
technical dass or for the private student."— /'10/rramf Printing Trades journal. 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described! and the Principles of Tanning Ex- 
plained, and many Recent Processes introduced ; as £Uso the Methods for 
the Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Albzamdbr Watt. Author of " Soap-Making," " Electzo- 
Metallursy," ftc. With numerous Illustrations. Second Ediuon. Crown 
8vo, 9». cloth. 
"This vohime Is technical without being tedious, comprehensive and complete withont 



proey, and it bears on every page the impress of a master hand. We have never come across a 
better trade treatise, nor one that so thoroughly supplied aa absolnte want."— iSAm and Ltatker 
Traded ChrcnicU. 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING. A Practical 

Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing, and 
Making, with a Description of the most approved Machinery employed. 
By John B. Lbno, late Editor of St. Crispin, and The, Boot and Shoe-Maker, 
With numerous Illustrations. Third Edition, xamo, is, cloth limp. 
*' This excellent treatise is by far the best work ever written on the subject. The chapter 

eo clicking, which shows how waste may be prevented, will save fifty times the price of the book." 

—Scottish Leather Trader. 

Dentistry Construction. 

MECHANICAL DENTISTRY : A Practical Treatise on ike 

Construction of the various kinds of Artificial Dentures. Comprising also Use* 
ful Formulas, Tables, and Receipts for Gold Plate, Clasps, Solders, ftc ftc 
By Charles Hunter. Third Edition, Revised. With upwards of xoo 
"^ wood Engravings. Crown 8vo, 35. 6d. cloth. 

•• The work is very practicaL"— ^tf«rt/y Review of Dental Surgery, 

" We can strongly recommend Mr. Hunter's treatise to all students preparing for the professkm 
of de ntistry, as welTas to every mechanical dentist."— ZTM^/tte journal qf Medical Science. 

Wood JEngraving. 

WOOD ENGRAVING: A Practical and Easy Introduction to the 
Study of the Art. By William Normam Brown. Second Edition. Witti 
numerous Illustrations, ismo, 15. 6d. cloth limp. 

" The book is clear and complete, and will be useful to anyone wanting to miderstand the fiat 
elements ofthe beautiful art of wTOdengravhjg.--(?n»>A^f. •««« w unuwswaa we mk 
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Horology. 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice, Translated from the French of Claudius Saunier, ex- Director of the 
School of Homology at Mafon, by Julibn Tripplin, F.R.A.S., Besancon 
Watch Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. 
With 78 Woodcuts and 22 Coloured Copper Plates. Second Edition. Super* 
royal 8vo, £2 25. cloth ; ^2 105. half-calf. 
" There is no horolofi^cal work in the English lansuag^ at all to be compared to this produc- 
tion of M. Saunier's for cTearness and completeness. It is alike £ood as a guide for the stuttent and 
as a reference for the experienced horologist and. skilled ytox)a^xi.*'—HorologiaU youmtU. 

" The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanical superiority over toeir English brethren 
—in fact, the Book of Books, is M. Saunier's 'Treatise.'"— ^aAAmo^cr. JcwtUerandSilversmUh, 

Watchmaking. 

THE WATCHMAKER'S HANDBOOK, Intended as a Work- 
shop Companion for those engaged in Watchmaking and the Allied Mechani- 
cal Arts. Translated from the French of Claudius Saunibr, and considera- 
ably enlarged by Julibn Tripplin, F.R.A.S.f Vice-President of the 
Horological Institute, and Edward Rigg, M.A., Assayer in the Royal Mint. 
With numerous Woodcuts and 14 Copper Plates. Third Edition. Crown 
8vo, gs. cloth. 

" Each part b truly a treatise In itself. The arrangement Is good and the language is dear and 
condse. It is an admirable euide for the young V9.tc\aaa3ii%t."— Engineering. 

'* It is impossible to speak too higlily of its excellence. It fulfils every requirement in a hand* 
book intended for the use of a workman. Should be found in every worlcshop."->^a/tA and 
Clockmaker, 

" This book contains an immense number of practical details bearing on the daily occupation 
of a vnXi^iXcaSasc^—Watckmaktr and Metal-worker <Chicago)i 

Watche^and Timekeepers. 

A HISTORY OF WATCHES AND OTHER TIMEKEEPERS, 
By James F. Kendal, M.B.H.Inst. 250 pp., with 88 Illustrations, 15. 6d, 
boards ; or 2s. 6<i. cloth gilt. \Jmt published. 

" Mr. Kendal's book, for its size, is the best which has yet appeared on this subject in the 
EngUsh language."— /«rf«j/r»^^. 

" Open the book where you may, there is interesting matter in it concerning the ingenious 
devices of the ancient or modem horologer. The subject is treated in a liberal and entertaining 
spirit, as might be expected of a historian who is a master of the cnXt." —Saturday Review. 

Electrolysis of Ooldf Silver, Copper, etc. 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
of Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descrip- 
tions of Voltaic Batteries, Magneto and Dynamo-Electnc Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department of 
the Art. and several Chapters on Electro- Metallurgy. By Alexander 
Watt, Author of " Electro- Metallurgy," &c. With numerous Illustrations. 
Third Edition, Revised and Corrected. Crown 8vo, gs. cloth. 
"Eminently a book for the practical worker In electro-deposition. It contains practical 

descriptions of methods, processes and materials as actually pursued and used in the workshop." 

— Engineer, 

ElectrO'Metallurgy. 

ELECTRO-MET A LL URG Y ; Practically Treated. By Alexander 

Watt, Author of " Electro-Deposition,'' &c. Ninth Edition, Enlarged and 
Revised, with Additional Illustrations, and including the most recent 
Processes. I2m0| 4s. cloth boards. 

"From this book both amateur and artisan may learn everything necessary for thesucoentui 
prosecution of electroplating."— /rv». 

Working in Gold: 

THE JEWELLER'S ASSISTANT IN THE ART OF WORK- 
ING IN GOLD : A Practical Treatise for Masters and Workmen, Compiled 
from the Experience of Thirty Years* Workshop Practice. By George E. 
\ Gee, Goldsmith and Silversmith, Author of "The Goldsmith's Handbook," 
&c. Crown 8vo, ys. 6d. cloth. [Just published. 

" This manual of technical education is apparently destined to be a valuable auxiliary to a 
handicraft which is certainly capable of ereat improvement."— TAe Times. 

" This volume will be very useful in the workshop, as the knowledge is practical, having been 
acquired by long experience, and all the recipes and directions ai« guaranteed to be successful ii 
properly worked out."— 3^eweUer atid Metalworker. 
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